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(57) Abstract: Disclosed is a protein variant which substitutes valine for phenylalanine residue in a binding domain having a biolog- 
ical response-modifying function by binding to a receptor, ligand or substrate. Also, the present invention discloses a DNA encoding 
the protein variant, a recombinant expression vector to which the DNA is operably linked, a host cell transformed or transfected with 
the recombinant expression vector, and a method of preparing the protein variant comprising cultivating the host cell and isolating 
the protein variant from the resulting culture. Further, the present invention discloses a pharmaceutical composition comprising the 
protein variant and a pharmaceutically acceptable carrier. 
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A METHOD OF IMPROVING EFHCACY OF BIOLOGICAL RESPONSE-MODIFYING 



PROTEINS AND THE EXEMPLARY MUTEINS 



Tedmical Field 



5 



The present invention relates to a piotdn variant vAich substitutes valine for phmylalanine 



residue in a binding domain having a biological response-modi^dng function by binding to a r&xptar, 
lig^nd or substrate. More particularly, the present invention relates to a protein variant vsdiich 
substitutes valine for phoiylalanine residue in an a-helix domain participating in the binding of a 
human cytokine protein to a corresponding receptor. 



N^y human diseases are caused by the loss of protein fiinction due to defects or an 
insufficient amount of a proteia To treat such diseases, related protieins have been directly 
administered to patients. However, many physiologically active proteins used as medicines are 
easily degraded in serum before they arrive at target tissues and act therein. For this reason, most 

15 ph>^iologically active proteins having fherapsoAc value are excessively or fiequently administered to 
patients to maintain an appropriate concentration equable of offering satisfactory therapeutic effects. 

An approach to solve the above problems is to conjugate with polyethylene glycol 
(PEGylation) or microencapsulate physiologically active proteins. However, these methods are 
cumbersome because target proteins are primarily produced in microorganisms and purified, and are 

2 0 then PEGlyated or microenc£9>sulated. In addition, cross-linking may occur at undesired positions, 
\^ch may negatively affect tfie homogeneity of final products. 

Another ^proach involves glycosyladorL Cell surface proteins and secretory proteins 
produced by eukaryotic cells are modified by a glycosylation process. Glycosyiation is known to 
influence in vivo stability and fimction of proteins, as well as their physiological properties. 

25 However, since glycosylated proteins can be produced only by eukaryotic cells capsble of 
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perfoiming glycosyladon, their pioduction process is complicated, and it is difficult to attain 
homogeneous final products vMch are glycosylated at all desired positions. 

In addition, the conventional techniques all improve tiie problems associated vsdA 
administration fi^uency, but do not increase the physiological efficacy of proteins, leading to 
5 excessive dosage. For example, NESP developed by the Amgen Company (see U.S. PaL No. 
6,586398) improves tiie fiiequent administration by extending the half-lives of proteins in the blood, 
but does not increase the efficacy of proteins, leading to recessive dosage that may induce tfie 
poduction of blocking antibodies. 

An approach used to improve the efficacy of physiologically active proteins is to 

10 mutagenize some amino acid residues of a wild-type protein to improve biological activity of the 
proteia Related protein variants are disclosed in the following patent publications: (1 ) U.S. Pat No. 
5,457,089: human eiythropoietin (EPO) variants where fte caiboxyl temiinal region was altered to 
increase binding affinity of EPO to its receptor, (2) hitemational PaL Publication No. 02/077034: 
human granuloQie colony stimulating fector (G-CSF) variants vsdiCTe a T-cell epitope was altered to 

15 reduce immunogmicity of human G-CSF in humans; (3) International Pat Publication No. 99/57147: 
human thrombopoietui (TPO) variants prq^ared by substuting glutaminic add at the 1 1 5 position witfi 
lysine, arginine or tyrosine in a TOP protein having an amino acid sequaice conesponding to 7th to 
151st amino acid residues of human mature TPO; and (4) U.S. PaL Nos. 6,136,563 and 6,022,71 1 that 
disclose human growdi hormone variants having alanine substitutions at the 18, 22, 25, 26, 29, 65, 168 

20 and 174 positions. 

However, the aforementioned protein variants are altered forms made for improving only 
therapeutic efficacy regardless of changes in in vivo antigenicity. Thus, the scale, degree and 
position of these alterations have high pot^tial to induce immune responses in humans. Antigenicity 
in humans may cause serious adverse effects (Casadevall et al. N. Eng. J. Med 2002, vol.346, p.469). 

25 Disclosure of the Invention 

It is therefore an object of tfie present invention to provide biological response-modifying 

2 
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protein variants having improved pharmacological action, >vfaich are capable of maximizing 
biological re^nse modifying effects upon administration and preventing the foimadon of blocking 
antibodies tfarou^ an improvement in efficacy of conventional biological response-modifying 
proteins, and methods of preparing such variants. 
5 In one aspect, the present invention provides a protein variant vAnch substitutes valine for 

phenylalanine residue in a binding domain of a protein having a biological response-modifying 
function by binding to a receptor, ligand or substrate. 

In another aspect, the present invention provides a DNA encoding a protein variant vMch 
substitutes valine for phenylalanine residue in a binding domain of a protein having a biological 

10 response-modifying function by binding to a recq^tor, li^nd or substrate. 

In a further aspect, the preset invention provides a recombinant e?q7ression vector to A^ch 
a DNA encoding a protein variant which substitutes valine for phenylalanine residue in a binding 
domain of a protein having a biological response-modifying fijnction by binding to a receptor, ligand 
or substrate is operably linked. 

15 In yet another aspect, the present invention provides a host cell transformed or transfected 

with a recombinant expression vector to \^ch a DNA encoding a protein variant wdiich substitutes 
valine for phenylalanine residue in a binding domain of a protein having a biological response- 
modifying function by binding to a receptor, ligand or substrate is operably linked. 

In still another aspect, the preset invention provides a method of preparing aprotein variant, 

2 0 comprising cultivating a host cell transformed or transfected with a recombinant expression vector to 
vAnch a DNA encoding a protein variant which substitutes valine for phenylalanine residue in a 
binding domain of a protein having a biological response-modifying function by binding to a 
receptor, ligand or substrate is operably linked, and isolating the protein variant fiom a resulting 
culture. 

25 In still anoAer aspect, the present invention provides a pharmaceutical composition 

comprising a protein variant which substitutes valine for phenylalanine residue in a binding domain 
of a protein having a biological response-modifying fiinction by binding to a receptor, ligand or 
substrate, and a phaimaceutically acceptable carrier. 
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Brief Description of the Drawings 

The above and other objects, features and oth^ advantages of the present invention will be 
more cleariy vinderstood from the following detailed description taken in conjunction with the 
acconq^anying drawings, in which: 
5 FIG. 1 A is a multiple alignment of amino acid sequences of domains paitidpating in the 

binding of 4-helix bundle cytokines to conesponding receptors; 

FIG. IB is a multiple alignment of amino acid sequences of domains participating in the 
binding of interferons to conesponding receptors; 

FIG. 2A shows the results of Western blotting of TPO variants according to the present 
10 invention, (from the leftmost lane: maricer, wild-type TPO; TPO-IF46V]; TPO-[F128V]; TPO 
[F131V]; and TPO-[F141 YD; 

FIG. 2B shows the results of Westem blotting of EPO variants according to the present 
invention, (fiom the leftmost lane: marker, wild-type EPO; EPO-(F48y|; EPO-[F138V]; EPO- 
[F142V]; and EPO-[F148V]); 
15 FIG. 2C shows the results of Westem blotting of G-CSF variants according to the present 

invention, (from the leftmost lane: maricer, wild-type G-CSF; G-CSF-[F13V]; G-CSF-[F83y|; G- 
CSF-IPl 13V]; G-CSF-[F140V]; G-CSF-[F144V]; and G.CSF-[F160V]); 

FIG. 3 A is a gr^h showing the relative e)^ression levels of TPO variants according to the 
present invention, compared to a wild-type TPO; 
20 FIG. 3B is a graph showing the relative expression levels of EPO variants according to the 

present invention, compared to a wild-type EPO; 

FIG. 3C is a graph showing the relative expression levels of G-CSF variants according to the 
present invention, conq>ared to a wild-type G-CSF; 

FIG. 4A shows the results of an ELISA assay for binding aflSnity of TPO variants according 
25 to the present invention to TPO receptors; 

FIG. 4B shows the results of an ELISA assay for binding affinity of EPO variants according 
to the present invention to EPO receptors; 
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FIG. 4C sho\A« the results of an ELISA assay for binding aflSnity of G-CSF variants 
according to the present invention to G-CSF receptors; 

FIG, 4D shows the results of an ELISA assay for binding aflBnity of GH variants according 
to the present invention to GH receptors; 
5 FIG. SAshowstheresultsofanSPRassay forbindirigajBSnity ofTPO variante 

die present invmtion to TPO recq)tors; 

FIG. 5B shovvs the results of an SPR assay for binding affinity of EPO variants according to 
the present invention to EPO receptors; 

FIG. 6A shows the results of a FACS analysis for binding affinity of a TPO variant 
.10 according to the present invention to TPO receptors; 

FIG. 6B shows the results of a FACS analysis for binding affinity of an EPO variant 
according to the present invention to EPO receptors; 

FIG, 7A is a graph showing the proliferation rates of TF-l/c-A^7 cells according to the 
concentration of TPO variants according to the jnesrat invention; 
15 FIG. 7B is a graph showing ttie proliferation rates of TF-1 cells according to the 

concentration of EPO variants according to the present invention; 

FIG. 7C is a graph showing the proliferation rates of HL60 cells according to the 
concentration of G-CSF variants according to Ae present inventioi^ 

FIG. 7D is a gtaph showing the proliferation rates of Nb2 cells according to the 
2 0 concentration of GH variants according to the present invention; 

FIG. 8A is a graph showing the results of a pharmacokinetic assay of a TPO variant 
according to the present invention, in which the TPO variant was intravenously ii^ected into rabbits, 
and serum levels of the TPO variant were measured; 

FIG. 8B is a graph showing the results of a pharmacokinedc assay of an EPO variant 
2 5 according to the present invention, in which the EPO variant was intravenously injected into rabbits, 
and senun levels of the EPO variant were measured; 

FIG. 8C is a gr^h showing the results of a phannacokinetic assay of an EPO variant 
according to the present inv^tion, in which the EPO variant was intraperitoneally injected into mice. 
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and SCTum levels of the EPO variant were measured; 

FIGS. 9A, 9B and 9C are gcaphs showing the prolifoBtion rates of erythiOQ^ 
ptolifo:adon rates of reticulocytes, and changes in hematocrit, respectively, as results of tests to 
evaluate in vivo activity of EPO variants according to the present invention, in mice intr^joitoneally 
injected with the EPO variants; and 

FIGS. lOA, lOB and IOC are gr^hs showing proliferation rates of platelets, leukocytes and 
neutrophils, respectively, as results of tests to evaluate the in vivo activity of TPO variants according 
to die present invention, in rats intr^^eritoneaUy inj ected witii the TPO variants. 

Best Mode for Cagying Out the Invention 

Single coital letters standing for amino adds, as used herein, represent tiie following amino 
acids according to the standard abbreviations defined by the International Union of Biochemisdy: 
A: Alanine; B: Asparagine or Aspartic add; 
C: Cysteine; D: Aspaitic add; E: Glutamic add; 
F: Phenylalanine; G: Glycine; H: Histidine; 
I: Isoleucine; K: Lysine; L: Leucine; 
M: Methionine; N: Asparagine; P: Proline; 
Q: Glutamine; R: Aiginine; S: Serine; 
T: Threonine; V: Valine; W: Tryptophan; 
Y: Tyrosine; and Z: Glutamine or Glutamic acid 

The designation "(one capital for an amino acid)(amino acid positionXone coital for another 
amino acid)' as used herein, means that die fonner amino acid is substituted by the latter amino acid at 
tiie designated amino add position of a certain protein. For example, F48V indicates that tiie 
phenylalanine residue at the 48tii position of a certain protein is substituted by valine. The amino acid 
position is numbered from the N terminus of a mature wild-type proteiiL 

The terni **protein variant^', as used herein, refers to a protein that has an amino acid 
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sequeace different from a wild-type form by a substitution of valine for phenylalanine residue in a 
protein having physiological fimction by binding to a receptor, ligand or substrate, in particular, in a 
domain participating in the binding to a receptor, ligqnd or substrate. In the present invention, a 
protein variant is designated for convenience as *'protein name-[(one coital for an amino acidXamino 
acid positionXone cspital for another amino add)]". For example, TPO-[F13 1 V] indicates a TPO 
variant in vAnch the phenylalanine residue at position 1 3 1 of wild-type TPO is substituted by valine. 

Hie tOTn ^'biological response-modi^dng proteins", as used herein, refers to proteins 
involved in maintaining homeostasis in the body by inducing the initiation or stop of various 
biological responses occurring in the multicellular body and regulating the responses to be organically 
connected to each other. These proteins typically act by binding to recqjtors, ligands or substrates. 

Proteins capable of being altered according to the present invention include all proteins that 
have innate function to modulate biological responses by binding receptors, ligands or substrates. 
Non-limiting examples of the proteins include cytokines, cytokine receptors, adhesion molecules, 
tumor necaDsis factor (TNF) recq^tors, en2ymes, receptor tyrosine kinases, chemokine receptors, 
other cell surface proteins, and soluble ligands. Non-limiting examples of the cytokines include 
CNTF (cytoneurotrophic factor), GH (growth honnone), IL-lRa 0«terleukin-l receptor 
antagonist), placental lactogen (PL), candioliphin, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, H^IO, IL-12, IL- 
17, TNF, TGF (transfomiing growth fector), IFN (interferon), GM-CSF (granulocyte-monocyte 
colony stimulating factor), G-CSF (granulocyte colony stimulating factor), EPO (erythropoietin), 
TPO (Arombopoietin), M-CSF (monocyte colony stimulating factor), LIF (leukemia inhibitory 
factor), OSM (oncostatin-M), SCF (stem cell factor^ HGF O^epatocyte growth factor), FGF 
(fibroblast growth fector), IGF (insulin-like growfli factor), and LPT (Leptin). Non-limiting 
examples of the cytokine receptors include growth hormone receptor (GHR), IL-1 3R, IL-IR, IL-2R, 
IL.3R, IL^R, IL-5R, IL-6R, IL-7R, IL-9R, IL-15R, TNFR, TGFR, IFNR (e.g., IFN-yR a-chain, 
IFN-yR P-chain), interferon-oR, -PR and -yR, GM-CSFR, G-CSFR, EPOR, cMpl, gpl30, and Fas 
(Apo 1). Examples of the chemokine receptors include CCRl and CXCRM. Examples of the 
receptor tyrosine kinases include TricA, TricB, TricC, Hric, REK7, RseA'yro-S, hepatocyte growth 
factor R, platelet-derived growth factor R, and Fit- 1 . Examples of other cell surface proteins include 
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CD2, CD4, CDS, CD6, CD22, CD27, CD28, CD30, CD31, CD40, CD44, CDIOO, CD137, CD150, 
LAG-3, B7, B61, P-neurexin, CHA^, ICOS, ICAM-1, complement R-2(CD21), IgER, lysosomal 
membrane gp-1 , oe2-mic]t>globulin lecqstor-related protein, and natriuretic pq)tide recq>tor. 

To improve the eflScacy of modvilating biological responses for the aforementioned 
5 numerous iroteins having biological response-modulating function, the present invention intraids to 
provide protein variants c^»able of tnnding to receptors, li^ds or substrates having a higgler 
hydrophobic force than tfiat of wild types. For this purpose, the present invention is characterized by 
substituting valine for phenylalanine residue in a binding domain of each of the proteins. 

Phenylalanine is a relatively non-polar amino acid that has an aromatic side chain and a 

10 known hydrophobicity index of 3.0. Valine is a non-polar hydrophobic amino acid that has an 
aliphatic side chain and a known hydrophobicity index of 4.0. In addition, since valine is smaller 
than phenylalanine, a protein substituting valine for phenylalanine residue becomes more deeply 
depressed in a pocket binding to a conesponding receptor, ligand or substrate. Thus, a protein 
substituting valine for phenylalanine residue in a binding domain has increased hydrophobic force 

15 and a more deeply dq>ressed space so that it has increased binding afiBnity to a receptor, ligand or 
substrate, leading to a desired increase in biological response-modulating efiScien(^. 

In addition, the valine substitution for phenylalanine residue, as a conservative substitution, 
has a minimal influence on the secondaiy or tertiary stmcture of a protein, and thus rarely affects the 
fimction of the protein (Aigos, EMBO J. 1989, voL8, pp779-85). Furtha:, because phenylalanine is 

20 mainly present in a highly hydrophobic region, it is rarely exposed to the exterior. When such 
phenylalanine residue is substituted by valine, a protein becomes more deeply depressed fiom the 
surface due to the high^ hydrophobicity of valine. Thus, this substitution has a lower potential to 
induce antibody productiorL A certain protein should primarily bind a corresponding receptor, 
ligand or substrate to modulate a specific biological response. In the case that the stronger this 

25 binding is, die eflScacy of modulating a biological response is improved, related proteins all may be 
altered according to the present invention, and the present invention includes all of the resulting 
protein variants. 

The fact that such a substitution of valine for phenylalanine residue leads to increased 

8 
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binding affinity is si^jpoited by the finding of a mutation of FcyRina(CD16) expressed on NK cells 
in human autoimmune diseases. The human recq>tor protein has a genetic polymoiphism. That 
is, individuals are divided into two gnDups: at position 176 in a region participating in recognizing Fc 
of an antibody ligand, one group has phenylalanine, and the other groi^D has valine. Individuals 
5 having phenylalanine at position 1 76 of the receptor have v^eakened binding affinity to the Fc region 
of tiie antibody ligand and are highly susceptible to systemic liqpus ayfliematosus (SUE) (Jianming 
Wu et al. J. Clin. Invest 1997, voLlOO, pp.1059-70). 

On tiie other hand, as noted above, tiie present invention is characterized by substituting 
valine for phenylalanine residue in a binding domain of a biological response-modulating protein. 

10 The terni '^binding domain'', as used herein, refers to a portion (that is, domain) of a protein 
performing its biological function by binding to a receptor, ligand or substrate, and has relatively high 
hydrophobicity and low antigenicity compared to other regions of the proteirL Binding domains of 
proteins are well known in the art For example, some 4-a helix bundle cytokines and intraferons, 
which are used in an embodiment of tiie present invention, are known to have a D-a helix structure 

1 5 and an A-a helfac structure, respectively, that serve as binding domains for corresponding receptors. 

However, a binding domain altered according to the present invention is not limited to 
binding domains known in the art This is because the binding of a biological response-modulating 
protein to a receptor, ligand or substrate is influenced by, in addition to amino acid residues involved 
in direct binding, other several amino acid residues. A **binding domain'' of a biological response- 

20 modulating protein, altered according to the present invention, further includes about SO amino acid 
residues, preferably about 25 amino acid residues, and more preferably about 10 amino add residues, 
fiom both ends of a binding domain known in the art 

One aspect of the present invention involves cytokines that typically contain several a helix 
structures. Among th^n, the first and last helices fiom the N-termius are known as binding 

25 domains participating in binding of cytokines to corresponding cytokine receptors (see FIG. 1). a 
helices responsible for binding of cytokines to corresponding receptors difiFer according to the type of 
cytokines, and are well known in the art For example, in IL-2, the second and fifth helices bind to 
the p55a receptor among IL-2 recqjtors, tiie first helix binds to tiie p75y receptor among IL-2 
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recqjtors, and the sixth helix binds to g^mma recqjtor (Fraiando Bazan, Science J. 1992, voL257, 
pp.410-2). As described above, cytokines eadi have particular helices participating in biiKiing, but 
the helices have hi^y cons^ed amino acid sequences. The present invention provides a cytokine 
variant that is capable of binding to a cytokine receptor with higher aflBnity than a wild-type cytokine 
5 by substituting valine for phenylalanine residue in an alpha helix conesponding to a binding domain 
of a cytokine. 

One aspect related to the cytokines involves the 4-helix bundle &mily of cytokines. Such 
cytokines include CNTF, EPO, HtSL, GM-CSF, IL-2, IL-3, IL-4, IL-5, IL-6, II^12p35, LPT, LIF, 
M-CSF, OSM, PL, SCF, TPO G-CSF, GHR and IFN. These cytokines all have four alpha helices, 
1 0 which are designated as A-alpha helix, B-alpha helix, C-alpha heUx and I>alpha helix, respectively. 
The D- and A-alpha helices mainly participate in binding to receptors (Fernando Bazan, Immunology 
today, 1990, vol.1 1 pp.35{M, The Cytokine Facts Book, 1994, pp.104-247). 

Among the aforementioned 4-helix bundle cytokines, CNTF, EPO, Flt3L, GM-CSF, IL-2, 
IL-3, IL-4, IL-5, IL-6, IL-12p35, LPT, LIF, M-CSF, OSM, PL, SCF, TPO, G-CSF and GHR have 
15 binding domains v^ch each include a I>alpha helix and a regjonlinki^ 

alpha helix. More particularly, die binding domains include amino acid residues between positions 
1 10 and 180 among amino acid residues of the 4-helix bundle cytokines. Therefore, in an aspect, 
the present invention provides a 4-helix bundle cytokine variant that is cq>able of binding to a 
corresponding receptor with higher a£5nity than a wild type by substituting valine for phenylalanine 
20 among amino acid residues between positions 1 10 and 180 of a 4-helix bundle cytokine. 

Of the aforementioned 4-helix bundle cytokines, interferons (e.g., IFN-a2A, IFN-ct2B, 
IFN-P, IFN-y, IFN-co, IFN-t) have a binding domain that contains an "A-alpha helix". More 
particularly, the binding domain of interferons includes amino add residues between positions 1 and 
SO. Therefore, in anodier aspect, the present invention provides an interferon variant fliat is c^>able 
2 5 of binding to an intorferon receptor having higher afl&nity than a wild type by substituting valine for 
phenylalanine among amino acid residues between positions 1 and 50 of an interferon. 

On the other hand, the binding domain altered according to the present invention may include 
two or more phaiylalanine residues. The two or more phenylalanine residues may all be substituted 
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by valine. HowevCT, because this case leads to a great reduction in protein expression levels, 
preferably only one ph^ylalanine residue is substituted by valine. In fliis re^rd, the present inventors 
found that, pherQ^lalanine residue present in a hi^y hydrophobic region is substituted by valine, 
the biological response-modulating protein has much in^jroved efficacy. ThCTcfore, in the present 
invention, tiie phenylalanine residue to be substituted by valine is preferably selected in a hi^y 
hydrophobic region present in flie binding domain spedfied according to the present inventioa 
Hydrophobicity for a specific r^on of an amino arid sequence con^srising a protein may be 
detamined by a method known in ttie art (Kyte, J. dt al. J. MoL Biol. 1982, voL157, pp.105-132, Hopp, 
TP. et al. Proc. Nat Acad Sd. USA, 1981, vol. 78(6), pp.3824-3828). 

The variant of a biological response-modulating protein according to the present invention 
may be prepared by chemical synthetic mefliods generally known in the art (Crei^ton, Proteins: 
Structures and Molecular Principles, W.H. Freeman and Co., NY 1983). Representative methods, 
but are not limited to, include liquid or solid phase synthesis, fiagment condensation, and F-MOC or 
T-BOC chemical synthesis (Chemical Approaches to the Synthesis of Peptides and Proteins, 
Williams et al., Eds,, CRC Press, Boca Raton Florida, 1997; A Practical Approadi, Atfierfon & 
Sheppard, Eds., IRL Press, Oxford, England, 1989). 

Alternatively, the protein variant according to the present invention may be prepared by 
recombinant DNA techniques. These techniques include a process of preparing a DNA sequence 
encoding the protein variant according to the present inventioa Such a DNA sequence may be 
prq>arBd by altering a DNA sequence encoding a wild-^rpe proteia In brie€ after a DNA sequence 
encoding a wild-type protein is synthesized, a codon for phenylalanine is changed to another codon 
for valine by site-directed mutagenesis, thus generating a desired DNA sequence. 

Also, the preparation of a DNA sequence encoding the protein variant accorxling to the 
preset invention may be achieved by a chemical method. For example, a DNA sequence encoding 
the protein variant may be synthesized by a chemical method using an oligonucleotide synthesizer. 
An oligonucleotide is made based on an amino acid sequence of a desired protein variant, and 
preferably by selecting a ^propriate codon used by a host cell producing a protein variant The 
degeneracy in tfie genetic code, vAnch means that one amino acid is specified by more than one 
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codon, is well known in tfie art. Thus, there is a plurality of DNA sequences with degeneracy 
encoding a specific protein variant, and they all fell into the scope of the present inventioa 

A DNA seqxience encoding the protein variant according to the present invention may or 
may not include a DNA sequence mcoding a signal sequence. The signal sequence, if presmt, 
should be recognized by a host cell selected for the ejq^ression of the protein variant The signal 
sequence may have a prokaiyotic or eukaiyotic origin or a combinational origin, and may be a signal 
sequence of anative proteia The employment of a signal sequmce may be determined according 
to the effect of e>q>ression of a protein variant as a secretory form in a recombinant cell producing the 
protein variant If a selected cell is a prokaryotic cell, a DNA sequence typically does not encode a 
signal sequence but instead contains preferably an N-terminal mettiionine for direct e>5>r«sion of a 
desired protein, and most preferably, a signal sequence derived fiom a wild type protein is used 

Such a DNA sequence as prepared above is operably linked to another DNA sequence 
encoding flie protein variant of the present invention, and is inserted into a vector including one or 
more expression control sequences regulating the ejq^ression of the resulting DNA sequence. Then, 
a host is transformed or transfected with the resulting recombinant expression vector. The resulting 
transformant or tiansfectant is cuhured in a suitable medium under suitable conditions for the 
e?q>ression of the DNA sequence. A substantially pure variant of a biological response-modulating 
protein coded by the DNA sequence is recovered from the resulting culture. 

The term * Vector"', as used herein, means a DNA molecule serving as a vehicle capable of 
stably canying exogeneous genes into host cells. For usefial plication, a vector should be 
replicable, have a system for irUroducing itself into a host cell, and possess selectable maricers. In 
addition, the tenn '^recombinant expression vector", as used herein, refers to a circular DNA molecule 
carrying exogeneous genes operably linked thereto to be expressed in a host cell. When intixxiuced 
into a host cell, the recombinant «pression plasmid has the ability to replicate regardless of host 
chromosomal DNA at a high copy number and to produce heterogeneous DNA. As generally 
known in the art, in order to increase the expression level of a transfected gene in a host cell, the gene 
should be operably linked to transcription and translation regulatory sequences functional in a host 
ceU selected as an expression system. Preferably, the expression regulation sequences and the 
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exogeneous genes may be carried in a single expression vector containing bacteria-selectable maikers 
and a replication origin. In the case that eukaryotic cells are used as an ejqjression qrstem, the 
expession vector diould ftirAa- comprise ejqjression markas useful in the eukaryotic host cells. 

The tam "expression control sequences", as used herein in connection with a recombinant 
expression vector, refers to nucleotide sequences necessary or advantageous for expression of the 
protein variant according to the present inventioa Each control sequence may be nadve or foreign 
to the nucleotide sequaice encoding the protein variant Noii-limiting examples of the expression 
control sequences include leader sequences, polyadoiylation sequences, piopep&de sequences, 
promotes, enhances or iqjstream activating sequences, signal peptide sequences, and transcription 
terminators. Hie oqjression control sequence contains at least one promoter sequence. 

The term "operably linked" refers to a state in vAach a nucleotide sequence is anan^ with 
anolhernudeotide sequence in afimctional relationship. Tbe nucleotide sequences may be a goie and 
control sequences, which are linked in such a manner that gene expression is induced when a suitable 
molecule (for ecample, transcription-activating protein) binds to the control sequence(s). For example, 
when a pre-sequence or secretory leader fedlitates secretion of a mature protein, it is referred to as 
"operably linked to the protein". A promoter is operably linked with a codirig sequence when it 
r^^ilates transcription ofthe coding sequence. A ribos(Mne-binding site is operably linked to a coding 
sequence v/hen it is presrait at a position allowing translation of the coding sequence. Typically, the 
tenn "operably linked" means that linked nucleotide sequences are in contact with eadi othw. In the 
case of a seaetory leada: sequaice, fte tenn means that it contacts a coding sequence and is presort 
within a leading fiame of the coding sequoice. Howevo-, an enhancer need not necessarily contact a 
coding sequence. Linkage of the nucleotide sequences may be achieved by ligation at convenient 
restriction en2yme recognition sites. In the absence of restriction enzyme recognition sites, 
oligonucleotide adaptors or linkers may be used, which are synthesized by the conventional methods. 

In order to express a DNA sequence encoding the protein variant according to the present 
invention, a wide variety of combinations of host cells and vectors as an expression system may be 
used. Expression vectors usefiil for transfomiing eukaryotic host cells contain expression regulation 
sequences fix)m, for example, SV40, bovine papillomavirus, adenovirus, adoio-associated viruses, 
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cytomegalovirus and retroviruses. Expression vectors useM in bacterial host cells include bacterial 
plasmids fiom K colU vviiich are exemplified by pET, pRSET, pBluesoipt, pGEX2T, pUC, 
pBR322, pMB9 and derivatives tl^reo^ plasmids having a broad range of host cells, such as RP4, 
phage DNAs, exemplified by a wide variety of X phage derivatives including X. gtlO, X. gtl 1 and 
5 NM989, and other DNA phages, exOTiplified by filamentous single-stranded DNA phages such as 
Ml 3. E?q}ression vectors usefiil in yeast cells include 2\x plasmid and derivatives thereof 
E?q>ression vectors usefiil in insect cells include pVL 941. 

To express a DNA sequence encoding die protein variant according to tl^ present invention, 
any of a wide variety of e;q)ression control sequences may be used by these vectors. Such usefiil 

10 e3q>tession control sequences include those associated with structural genes of the aforementioned 
expression vectors. Examples of usefiil e?q»ession control sequences include the early and lata: 
promoters of S V40 or adenoviruses, the lac q^em, the trp system, the TAG or TRC system, T3 and 
T7 promoters, the major operator and promoter regions of phage 'L, the control regions for fd coat 
protein, the promoter for 3-phosphoglycerale kinase or other glycolytic enzymes, the promoters of 

15 phosphatases, for example, Pho5, &e promoters of the yeast alpha-mating system and other 
sequences known to control the expression of genes of prokaryotic or eukaiyotic cells or their viruses, 
and various combinations thereof. In particular, T7 RNA polymerase promoter O 10 is usefiil for 
expressing a polypeptide in E. colL 

Host cells transformed or transfected with the aforementioned recombinant ^pression 

20 vector comprise another aspect of the present inventioa A wide range of mononuclear host cells 
may be used for expressing a DNA sequence encoding the protein variant of the present invention. 
Examples of the host ceDs include prokaryotic and eukaryotic cells such as E. colU Psevdomonas sp.. 
Bacillus sp., Strepton^es sp., fiingi or yeasts, insect cells such as Spodoptera fruffperda (S©), animal 
ceUs such as Chinese hamster ovary cells (CHO) or mouse cells, Afiican green monkey cells sudi as 

25 COS 1, COS 7, BSC 1, BSC 40 or BMT 10, and tissue-cultured human and plant cells. Ptefened 
hosts include bacteria such as E coli and Bacillus subtilis^ and tissue-cultured mammalian cells. 

The transformation and transfection may be performed by the methods described in basic 
experimental guidebooks (Davis et al., Basic Methods in Molecular Biology, 1986; Sambrook, X, et al., 
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Basic Methods in Molecular Biology, 1989). The preferred methods for introducing a DNA sequence 
encoding tte protein ^^riant according to tfie present invra^don into a host cell include, for example, 
calcium phosphate tiansfection, DEAE-dextran mediated trans&ction, tiansvection, microinjection, 
cationic lipid-mediated transfection, electroporation, transduction, scxdpQ loading, ballistic introduction, 
5 and infectioa 

Also, it will be understood that all vectors and expression control sequences do not fiinction 
equally in oqxressing the DNA sequence of the present invention. Like>vise, all hosts do not 
function equally for an identical expression systerrL However, &ose skilled in the art are able to 
make a suitable selection fix)m various vectors, e^qjression control sequences and hosts, within the 

1 0 scope of the present invention, without a heavy expaimoital burden. For example, a vector may be 
selected taking a host cell into consideration because tfie vector should be rq^licated in the host cell. 
The copy number of a vector, ability to control the copy number, and e)q)ression of other proteins 
encoded by the vector, for example, an antibiotic marker, should be deliberated. Also, an expression 
control sequence may be selected taking several factors into consideratiorL For example, relative 

15 strengOi, control capacity and compatibility wifli the DNA sequence of the present invention of the 
sequence, particularly witfi respect to possible secondary structures, should be deliberated Furdier, 
the selection of a host cell may be made under consideration of compatibility with a selected vector, 
toxicity of a product encoded by a nucleotide sequence, secretory nature of the product, ability to 
correctly fold a polypeptide, fermentation or cultivation requirmients^ ability to ensure easy 

2 0 purification of a product encoded by a nucleotide sequence, or the like. 

In the method of preparing the protein variant according to the present invention, the host cells 
are cultivated in a nutrient medium suitable for production of a polypeptide using methods known in the 
art For exan^le, the cells may be cultivated by shake flask cultivation, small-scale or large-scale 
fermentation in laboratory or industrial fomenters performed in a suitable medium and under 

25 coriditioris aUowirig fte polypeptide to be expressed and/or isolated The cultivation takes place in a 
suitable nutrient medium containing carbon and nitrogen sources and inorganic salts, using procedures 
known in the art. Suitable media are commercially available fiom commercial suppliers and may be 
prepared according to published compositions (for example, die catalog of American Type Culture 
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Collection). If the polypeptide is secreted into tiie nutrient medium, the polypeptide can be recovaied 
directly fiom the medium. If the polypeptide is not secaiet ed, it can be recovered fiom cell lysates. 

The biological response-modulating protein variant according to the presrat invention may be 
recovered by methods known in the ait For ecample, tfie protein variant may be recovered fiom the 
nutrioit medium by conventional procedures including, but not limited to, centrifijgation, filtration, 
extraction, spray drying, evaporation, or precipitation. FurthCT, the protdn variant may be purified by a 
variety of procedures known in the ait including, but not limited to, duomalography (e.g., ion exdiange, 
aflSnity, hydrophobicrty, and size exclusion), electrophoresis^ difierential solubility (e.g., ammonium 
sulfete precipitation), SDS-PAGE, or extractioa 

The present invention provides a pharmaceutical composition comprising a variant of a 
biological response-modulating protein and a pharmaceutically acceptable carrier. In Hie 
pharmaceutical composition according to the present invention, the biological response-modulating 
protein variant is preferably contained in a therapeutically effective amount 

The carrier used in the pharmaceutical composition of the present invention includes the 
commonly used carriers^ adjuvants and vehicles, in the pharmaceutical field, wiiich are as a vs4x)le 
called ^'pharmaceutically accqjtable caniers". Non-Umiting pharmaceutically acceptable carriers 
usefiil in the pharmaceutical composition of the present invention include ion exchange, alumina, 
aluminum stearate, lecithin, serum proteins (e.g., human serum albumin), buffering agents (e.g., sodium 
phosphate, glycine, sorbic acid, potassium sorbate, partial glyceride mixtures of vegetable saturated My 
acids), water, salts or electrolytes (e.g., protamine sulfate, disodium hydrdphosphale, potassium 
hydrophoshate, sodium chloride, and zinc salts), colloidal silica, magnesium trisilicate, 
polyvinylpyrrolidone, cellulose-based substrates, polyethylene glycol, sodium carboxymethylcellulose, 
polyaiylale, waxes, polyethylene-polyoxypropylene-block copolymas, polyethylene glycol, and wool 
&t 

The pharmaceutical composition of the present invoition may be administered via any of the 
common routes, if it is able to readi a desired tissue. Therefore, the pharmaceutical composition of the 
present invention may be administered topically, orally, parenterally, intraocularly, transdermally, 
intrarectally and intraluminally, and may be formulated into solutions, suspensions, tablets^ pills, 
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c£;)sules and sustained release preparations. The temi "^parent^"", as used terein, includes 
subcutaneous, intranasal, intravenous, intrq)eritQneal, intramuscular, intra-aiticular, intra-synovial, 
intrastemal, intracardial, intrathecal, intralesional and intraoanial injection or infusion tedmiques. 

In an aspect, the pharmac^cal composition of the present invention may be fonnulated as 
5 aqueous solutions for parenteral administration. Preferably, a suitable buffer solution, such as Hank's 
solution, Ringor's solution or physiologically buffered saline, may be enployed Aqueous iiyection 
suspenaons may be siqjplementjed Avith substances cq)able of increasing viscoaty of the suspensions,, 
which are exenq)lified by sodium carboxymethylcellulose, sorbitol and dextraa In addition, 
suspensions of tfie active components, such as oily injection suspension, include lipophilic solvents or 

10 carriears, wiiich are exemplified by iatty oils such as sesame oil, and syndietic &tty acid esters sudi as 
ediyl oleate, triglycerides or liposomes. Polycalionic non-lipid amino polymers may also be used as 
vehicles. Optionally, the suspensions may contain suitable stahilizecs or drugs to increase the 
solubility of protein variants and obtain high conc^trations of the protein variants. 

The pharmaceutical composition of the present invention is preferably in tfie form of a sterile 

15 iqectable preparation, such as a sterile iqectable aqueous or oleaginous suspension. Such suspension 
may be fonnulated according to tiie methods known in the art, using suitable dispersing or wetting 
agents (e.g., Tween 80) and suspending agents. The sterile injectable preparations m^ also be a 
sterile injectable solution or suspension in a non-toxic parenterally-acceptable diluent or solvent, such as 
a solution in 13-butanedioL Hie acceptable vehicles and solvents iiKJlude mannitol, water, Ringer's 

20 solution and isotonic sodium chloride solution. In addition, sterile fixed oils ntiay conventionally be 
OTiployed as a solvent or suspending medium. For this purpose, any bland fixed oil may be 
employed, including synthetic mono- or di-glycerides. In addition, fatty acids, such as oleic acid and 
glyceride derivatives thereof, may be used in the preparation of injectable preparations, Uke the 
phannaceutically acceptable natural oils (e.g., olive oil or castor oil), and particularly, polyoxyethylated 

25 derivatives thereof 

The aforementioned aqueous composition is sterilized mainly by filtration using a filter to 
remove bacteria, mixing with disinfectants or in combination with radiatioa The sterilized 
composition can be hardened, for example, by fieeze-drying to obtain a hardened product, and for 
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practical use, ttie haidmed product is dissolved in sfcailized water or a sterilized diluted solutioa 

The tean '^ttierepeutically effective amounf as used I^ein in connection witfi tiie 
phaonaceutical conqx>sition of tfie present invmtion, means an amount in v^ch an active componmt 
shows an improved or ttierapeutic effect toward a disease to whidi the phamiaceutical composition of 
5 ttie present invaition is applied The therepeulically effective amount of the pharmaceutical 
composition of the presoit invaition may vary according to the patiait' s age and sex, application sites, 
administration fiequency, administration duration, fomiulation types and adjuvant types. Typically, 
the pharmaceutical composition of tiie present invention is administerod in smaller amounts than a wild- 
type protein, for example, 0.01-1000 |ig/kg/day, more preferably 0.1-500 ng/kg/day, and most 

1 0 preferably MOO |ig/kg^day. 

On the other hand, it will be apparent to those skilled in the ait tiiat diseases to v^ch the 
present composition is applied may vary according to the protein type. The EPO and TPO altered 
as in an embodiment of the present invaition may be used for treating, in addition to anemia itself, 
anemia as a complication associated with other diseases (e.g., anemia in inflammatory bowel 

15 disease, Progressive KidnQ^ Disease, anemia of renal &ilure, tiie anemia associated with HIV 
infection in zidovudine (AZT) treated patioits, anemia associated with cancer chemotherapy, 
Huntington's disease (HD), sickle cell anemia. Late Hyporegenerative Anemia in Neonates with Rh 
Hemolytic Disease after in utero Exchange Transfusion). In addition, the G-CSF altered according 
to tiie present invention may be used for treating neutropenia itself and neutropenia developed after 

20 bone marrow transplantation or cancer chemother^y, the GH variants may be used for treating 
pituitary dwarfism and paediatric chronic renal failure. However, the present invention is not 
limited to these applications. 

Hereinafter, the presait invention provides interferon variants which each substitute valine 
for specific phenylalanine residue of 4-helix bundle cytokines, in detail, OMTF, EPO, FltSL, G-CSF, 

25 GM-CSF, GH, IL-2, IL-3, IL-4, IL-5, IL-6, IL-12p35, LPT, LIF, M-CSF, OSM, PL, SCF, TPO, 
IFN-a2A, IFN-a2B, IFN-p, IFN-y, IFN-co and IFN-x. 

In one specific aspect, the present invention provides die following protein variants: (1) a 
CNTF variant that substitutes valine for the phenylalanine residue at tiie position 3, 83, 98, 105, 119, 
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152 or 178 of an amino acid sequence (SEQ ID NO.: 1) of a wild-type CNTF; (2) an EPO variant 
that substitutes valine for the phoiylalanine residue at tiie position 48, 138, 142 or 148 of an amino 
acid sequence (SEQ ID NO.: 2) of a wUd-type EPO; (3) a Flt3L variant that substitutes valine for the 
phenylalanine residue at the position 6, 15, 81, 87, 96 or 124 of an amino acid sequMice (SEQ ID 
5 NO.: 3) of a wild-type Flt3L; (4) a G-CSF variant that substitutes valine for the phenylalanine residue 
at the position 13, 83, 1 13, 140, 144 or 160 of an amino acid sequence (SEQ ID NO.: 4) of a wild- 
type G-CSF; (5) a GM-CSF variant that substitutes valine for the phenylalanine residue at the 
position 47, 103, 106, 1 13 or 1 19 of an amino acid sequence (SEQ ID NO.: 5) of a wUd-type GM- 
CSF; (6) a GH variant that substitutes valine for the phenylalanine residue at the position 1,10, 25, 

10 31, 44, 54, 92, 97, 139, 146, 166, 176 or 191 of an amino acid sequence (SEQ ID NO.: 6) of a wild- 
type GH; (7) an IFN-a2A variant that substitutes valine for the phenylalanine residue at the position 
27, 36, 38, 43, 47, 64, 67, 84, 123 or 151 of an amino acid sequence (SEQ ID NO.: 7) of a wild-type 
IFN-a2A; (8) an IFN-a2B variant that substitutes valine for the phenylalanine residue at the position 
27, 36, 38, 43, 47, 64, 67, 84, 123 or 151 of an amino acid sequence (SEQ ID NO.: 8) of a wild-type 

1 5 IFN-a2B; (9) an IFN-P variant fliat substitutes valine for the phenylalanine residue at the position 8, 
38, 50, 67, 70, 1 1 1 or 154 of an amino acid sequence (SEQ ID NO.: 9) of a wild-type IFN-P; (10) an 
IFN-y variant that substitutes valine for the phenylalanine residue at the position 1 8, 32, 55, 57, 60, 63, 
84, 85, 95 or 139 of an amino add sequence (SEQ ID NO.: 10) of a wild-type IFN-y; (1 1) an IFN-co 
variant that substitutes valine for the phmylalanine residue at the position 27, 36, 38, 65, 68, 124 or 

20 153 of an amino add sequence (SEQ ID NO.: 1 1) of a wild-^ IFN-co; (12) an IFN-t variant that 
substitutes valine for the phenylalanine residue at the position 8, 39, 68, 71, 88, 127, 156, 157, 159 or 
183 of an amino acid sequence (SEQ ID NO.: 12) of a wild-type IFN-t; (13) an IL-2 variant that 
substitutes valine for the phenylalanine residue at the position 42, 44, 78, 103, 1 17 or 124 of an amino 
acid sequence (SEQ ID NO.: 13) of a wild-type IL-2; (14) an IL-3 variant that substitutes valine for 

25 the phenylalanine residue at the position 37, 61, 107, 1 13 or 133 of an amino acid sequence (SEQ ID 
NO.: 14) of a wOd-type IL-3; (15) an IL-4 variant that substitutes valine for the phenylalanine residue 
at the position 33, 45, 55, 73, 82 or 1 12 of an amino acid sequence (SEQ ID NO.: 15) of a wild-type 
IL-4; (16) an IL-5 variant that substitutes valine for the phenylalanine residue at the position 49, 69, 
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96 or 103 of an amino acid sequence (SEQ ID NO.: 16) of a vsdld-type IL-5; (17) an IL-6 variant that 
substitutes valine for the phenylalanine residue at the position 73, 77, 93, 104, 124, 169 or 172 of an 
amino acid sequence (SEQ ID NO.: 17) of a wild-type IL-6; (1 8) an IH2p35 variant that substitutes 
valine for the phenylalanine residue at the position 13, 39, 82, 96, 1 16, 132, 150, 166 or 180 of an 
5 amino acid sequence (SEQ ID NO.: 1 8) of a wild-type IL-12p35; (19) a LPT variant that substitutes 
valine for the phaiylalanine residue at ttie position 41 or 92 of an amino acid sequence (SEQ ID NO.: 
19) of a wild-type LPT; (20) a LIF variant that substitutes valine for the phenylalanine residue at the 
position 41, 52, 67, 70, 156 or 180 of an amino acid sequence (SEQ ID NO.: 20) of a wild-type LIF; 
(21) a M-<])SF variant that substitutes valine for the phenylalanine residue at the position 35, 37, 54, 

10 67,91, 106,121, 135, 143, 229, 255, 3 11, 439, 466 or 485 ofan amino acid sequence (SEQ ID NO.: 
21) of a wild-type M-CSF; (22) an OSM variant that substitutes valine for the phenylalanine residue 
at the position 56, 70, 160, 169, 176 or 184 ofan amino acid sequence (SEQ ID NO.: 22) of a wild- 
type OSM; (23) a PL variant that substitutes valine for the phenylalanine residue at the position 10, 
31, 44, 52, 54, 92, 97, 146, 166, 176 or 191 ofan amino acid sequence (SEQ ID NO.: 23) of a wild- 

15 type PL; (24) a SCF variant that substitutes valine for the phenylalanine residue at the position 63, 
102, 110, 115, 116, 119, 126, 129, 158, 199, 205, 207 or 245 ofan amino acid sequence (SEQ ID 
NO.: 24) of a wild-type SCF; and (25) a TPO variant that substitutes valine for the phenylalanine 
residue at the position 46, 128, 131, 141, 186, 204, 240 or 286 ofan amino acid sequence (SEQ ID 
NO.: 25) of a wild-type TPO. 

20 In another specific aspect, the present invention provides the following DNA molecules: (1) 

a DNA encoding a CNTF variant that substitutes valine for tiie phenylalanine residue at the position 
3, 83, 98, 105, 1 19, 1 52 or 178 ofan amino acid sequence (SEQ ID NO.: 1) of a wild-type CNTF; (2) 
a DNA encoding an EPO variant that substitutes valine for the phenylalanine residue at the position 
48, 138, 142 or 148 ofan amino acid sequence (SEQ ID NO.: 2) of a wild-type EPO; (3) a DNA 

2 5 encoding a Flt3L variant that substitutes valine for the phenylalanine residue at the position 6, 15, 81 , 
87, 96 or 124 ofan amino acid sequence (SEQ ID NO.: 3) of a wild-type Flt3L; (4) a DNA encoding 
a G-CSF variant that substitutes valine for the phenylalanine residue at the position 13, 83, 1 13, 140, 
144 or 160 of an amino acid sequence (SEQ ID NO.: 4) of a wild-type G-CSF; (5) a DNA encoding 
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a GM-CSF variant that substitutes valine for the phenylalanine residue at the position 47, 103, 106, 
113 or 119 of an amino acid sequence (SEQ ID NO.: 5) of a wild-type GM-CSF; (6) a DNA 
encoding a OH variant that substitutes valine for the phenylalanine residue at the position 1,10, 2S, 
31, 44, 54, 92, 97, 139, 146, 166, 176 or 191 of an amino acid sequence (SEQ ID NO. : 6) of a wild- 
5 type GH; (7) a DNA encoding an IFN-ctlA variant that substitutes valine for the phenylalanine 
residue at the position 27, 36, 38, 43, 47, 64, 67, 84, 123 or 151 of an amino acid sequence (SEQ ID 
NO. : 7) of a wild-type IFN-a2A; (8) a DNA encoding an IFN-a2B variant that substitutes valine for 
tfie phenylalanine re^due at the position 27, 36, 38, 43, 47, 64, 67, 84, 123 or 151 of an amino acid 
sequence (SEQ ID NO.: 8) of a wild-type IFN-a2B; (9) a DNA encoding an BFN-p variant that 

10 substitutes valine for the phenylalanine residue at the position 8, 38, 50, 67, 70, 1 1 1 or 154 of an 
amino acid sequence (SEQ ID NO.: 9) of a wild-type IFN-p; (10) a DNA encoding an IFN-y variant 
that substitutes valine for the phenylalanine residue at the position 1 8, 32, 55, 57, 60, 63, 84, 85, 95 or 
139 of an amino acid sequence (SEQ ID NO.: 10) of a wild-type IFN-y, (1 1) a DNA oicoding an 
EFN-Q) variant that substitutes valine for the phenylalanine residue at the position 27, 36, 38, 65, 68, 

15 124 or 153 of an amino acid sequence (SEQ ID NO.: 11) of a wild-type IFN-<d; (12) a DNA 
encoding an IFN-x variant tfiat substitutes valine for the phenylalanine residue at the position 8, 39, 
68, 71, 88, 127, 156, 157, 159 or 183 of an amino acid sequence (SEQ ID NO.: 12) of a wild-type 
IFN-x; (13) a DNA encoding an IL-2 variant that substitutes valine for the phenylalanine residue at 
the position 42, 44, 78, 103, 1 17 or 124 of an amino acid sequence (SEQ ID NO.: 13) of a wild-type 

20 IL-2; (14) a DNA encoding an IL-3 variant that substitutes valine for the phenylalanine residue at the 
position 37, 61, 107, 1 13 or 133 of an amino acid sequence (SEQ ID NO.: 14) of a wild-type IL-3; 

(15) a DNA encoding an IL-4 variant that substitutes valine for the phenylalanine residue at the 
position 33, 45, 55, 73, 82 or 1 12 of an amino acid sequence (SEQ ID NO.: 15) of a wild-type IL-4; 

(16) a DNA encoding an IL-5 variant that substitutes valine for the phenylalanine residue at the 
25 position 49, 69, 96 or 103 of an amino acid sequence (SEQ ID NO.: 16) of a wild-type IL-5; (17) a 

DNA encoding an IL-6 variant that substitutes valine for the phenylalanine residue at the position 73, 
77,93, 104, 124, 169 or 172 ofan amino acid sequence (SEQ ID NO.: 17)of a wild-type lL-6; (18) a 
DNA encoding an IL-12p35 variant that substitutes valine for the phenylalanine residue at the 
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position 13, 39, 82, 96, 1 16, 132, 150, 166 or 180 of an amino acid sequence (SEQ ID NO,: 18) of a 
wild-type IL-12p35; (19) a DNA encoding a LPT variant that substitutes valine for the phenylalanine 
re^due at the position 41 or 92 of an amino acid sequence (SEQ ED NO.: 19) of a wild-type LPT; 
(20) a DNA encoding a LIF variant that substitutes valine for tiie phmylalanine residue at die position 
5 41, 52, 67, 70, 156 or 180 of an amino acid sequence (SEQ ID NO.: 20) of a wild-type LIF; (21) a 
DNA encoding a M-CSF variant that substitutes valine for the phenylalanine residue at the position 
35, 37, 54, 67, 91, 106, 121, 135, 143, 229, 255, 311, 439, 466 or 485 of an amino add sequence 
(SEQ ID NO.: 21) of a wild-^ M-CSF; (22) a DNA encoding an OSM variant that substitutes 
valine for tiie phenylalanine residue at ttie position 56, 70, 160, 169, 176 or 184 of an amino acid 

10 sequence (SEQ ID NO.: 22) of a wild-type OSM; (23) a DNA encoding a PL variant that substitutes 
valine for the phenylalanine residue at the position 10, 31, 44, 52, 54, 92, 97, 146, 166, 176 or 191 of 
an amino acid sequence (SEQ ID NO.: 23) of a wild-type PL; (24) a DNA encoding a SCF variant 
that substitutes valine for the phraylalanine residue at the position 63, 102, 1 10, 1 15, 1 16, 1 19, 126, 
129, 1 58, 199, 205, 207 or 245 of an amino acid sequence (SEQ ID NO.: 24) of a wild-type SCF; and 

15 (25) a DNA encoding a TPO variant tiiat substitutes valine for the phenylalanine residue at the 
position 46, 128, 131, 141, 186, 204, 240 or 286 of an amino acid sequence (SEQ ID NO.: 25) of a 
wild-type TPO. 

In a further specific aspect, the present invention provides tfie following recombinant 
expression vectors: (1) a recombinant expression vector to which a DNA encoding a CNTF variant 

20 that substitutes valine for the phenylalanine residue at ttie position 3, 83, 98, 1 05, 1 1 9, 1 52 or 1 78 of 
an amino acid sequence (SEQ ID NO.: 1) of a wild-type CNTF is operably linked; (2) a recombinant 
expression vector to vMch a DNA encoding an EPO variant that substitutes valine for the 
phenylalanine residue at die position 48, 1 38, 142 or 148 of an amino acid sequence (SEQ ID NO.: 2) 
of a wild-type EPO is operably linked; (3) a recombinant expression vector to which a DNA 

2 5 encoding a FIGL variant that substitutes valine for the phenylalanine residue at the position 6, 1 5, 81 , 
87, 96 or 124 of an amino acid sequence (SEQ ID NO.: 3) of a wUd-type Flt3L is operably linked; (4) 
a recombinant expression vector to which a DNA encoding a G-CSF variant that substitutes valine 
for the phenylalanine residue at the position 13, 83, 1 13, 140, 144 or 160 of an amino acid sequence 
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(SEQ E) NO.: 4) of a vnld-type G-CSF is op«ably linked; (5) a recombinant expression vector to 
vAnch a DNA encoding a GM-CSF variant that substitutes valine for the phenylalanine residue at the 
position 47, 103, 106, 1 13 or 1 19 of an amino acid sequence (SEQ ID NO.: 5) of a wild-^pe GM- 
CSF is operably linked; (6) a recombinant expression vector to vAnch a DNA aicoding a GH variant 
that substitutes valine for the phenylalanine residue at the poation 1, 10, 25, 3 1, 44, 54, 92, 97, 139, 
146, 166, 176 or 191 of an amino acid sequence (SEQ ID NO.: 6) of a wild-type GH is operably 
linked; (7) a recombinant expression vector to which a DNA encoding an IFN-a2A variant that 
substitutes valine for the phenylalanine residue at the position 27, 36, 38, 43, 47, 64, 67, 84, 123 or 
151 of an amino acid sequence (SEQ ID NO.: 7) of a wild-^ IFN-a2A is operably Imked; (8) a 
recombinant expression vector to which a DNA encoding an IFN-oe2B variant fliat substitutes valine 
for the phenylalanine residue at the position 27, 36, 38, 43, 47, 64, 67, 84, 123 or 151 of an amino 
acid sequence (SEQ ID NO.: 8) of a wild-type IFN-oc2B is operably linked; (9) a recombinant 
expression vector to which a DNA encoding an IFN-P variant that substitutes valine for the 
phenylalanine residue at tfie position 8, 38, 50, 67, 70, 1 1 1 or 154 of an amino acid sequence (SEQ 
ID NO.: 9) of a wild-type IFN-p is operably linked; (1 0) a recombinant expression vector to which a 
DNA encoding an IFN-y variant that substitutes valine for the phenylalanine residue at the position 
1 8, 32, 55, 57, 60, 63, 84, 85, 95 or 139 of an amino acid sequence (SEQ ID NO.: 10) of a wild-type 
IFN-y is operably linked; (1 1) a recombinant expression vector to v^ch a DNA encoding an IFN-co 
variant that substitutes valine for the phenylalanine residue at the position 27, 36, 38, 65, 68, 124 or 
153 of an amino acid sequence (SEQ ID NO.: 1 1) of a wild-type IFN-co is operably linked; (12) a 
recombinant expression vector to which a DNA encoding an IFN-t variant that substitutes valine for 
the phenylalanine residue at the position 8, 39, 68, 71, 88, 127, 156, 157, 159 or 183 of an amino acid 
sequence (SEQ ID NO.: 12) of a wild-type IFN-t is operably linked; (13) a recombinant expression 
vector to which a DNA encoding an IL-2 variant that substitutes valine for the phenylalanine residue 
at the position 42, 44, 78, 103, 1 17 or 124 of an amino acid sequence (SEQ ID NO.: 13) of a wild- 
type IL-2 is operably linked; (14) a recombinant expression vector to vAnch a DNA encoding an IL-3 
variant that substitutes valine for the phenylalanine residue at the position 37, 61, 107, 1 13 or 133 of 
an amino acid sequence (SEQ ID NO.: 14) of a wild-type IL.3 is operably linked; (15) a recombinant 
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expression vector to which a DNA ^coding an IL-4 variant that substitutes valine for the 
phOTylalanine residue at the position 33, 45, 55, 73, 82 or 1 12 of an amino acid sequence (SEQ ED 
NO.: 15) of a wild-type IL-4 is operably linked; (16) a recombinant expression vector to which a 
DNA encoding an IL-5 variant that substitutes valine for the phenylalanine residue at flie position 49, 
5 69, 96 or 103 of an amino arid sequence (SEQ ID NO.: 16) of a wild4ype IL-5 is operably linked; 
(1 7) a recombinant expression vector to vAnch a DNA encoding an IL-6 variant that substitutes valine 
for Ae phenylalanine residue at the position 73, 77, 93, 104, 124, 169 or 172 of an amino acid 
sequence (SEQ ID NO.: 17) of a wild-type IL-6 is operably linked; (18) a recombinant expression 
vector to v^ch a DNA encoding an IL-12p35 variant tfiat substitutes valine for the phenylalanine 

10 residue at the position 13, 39, 82, 96, 116, 132, 150, 166 or 180 of an amino acid sequence (SEQ ID 
NO.: 1 8) of a wild-type IL-12p35 is operably linked; (19) a recombinant expression vector to which a 
DNA encoding a LPT variant that substitutes valine for the phenylalanine residue at the position 41 or 
92 of an amino acid sequence (SEQ ID NO.: 19) of a wild-type LPT is operably linked; (20) a 
recombinant expression vector to vAuch a DNA encoding a LIF variant that substitutes valine for the 

1 5 phenylalanine residue at the position 4 1 , 52, 67, 70, 1 56 or 1 80 of an amino aicid sequence (SEQ ID 
NO.: 20) of a wild-type LIF is operably linked; (21) a recombinant expression vector to v^ch a 
DNA encoding a M-CSF variant that substitutes valine for flie phenylalanine residue at the position 
35, 37, 54, 67, 91, 106, 121, 135, 143, 229, 255, 311, 439, 466 or 485 of an amino acid sequence 
(SEQ ID NO.: 21) of a wild-type M-CSF is operably linked; (22) a recombinant expression vector to 

20 which a DNA encoding an OSM variant that substitutes valine for the phenylalanine residue at the 
position 56, 70, 160, 169, 176 or 184 of an amino acid sequence (SEQ ID NO.: 22) of a wild-type 
OSM is operably linked; (23) a recombinant expression vector to v^ch a DNA encoding a PL 
variant that substitutes valine for the phenylalanine residue at the position 10, 31, 44, 52, 54, 92, 97, 
146, 166, 176 or 191 of an amino acid sequence (SEQ ID NO.: 23) of a wild-type PL is operably 

2 5 linked; (24) a recombinant expression vector to vAnch a DNA encoding a SCF variant that substitutes 
valine for the phenylalanine residue at the position 63, 102, 1 10, 1 15, 1 16, 1 19, 126, 129, 158, 199, 
205, 207 or 245 of an amino acid sequence (SEQ ID NO.: 24) of a wild-type SCF is operably linked; 
^ and (25) a recombinant expression vector to vAnch a DNA encoding a TPO variant that substitutes 
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transformed or transfected with a recombinant expression vector to vAuch a DNA encoding an IFN-P 
variant that substitutes valine for the phenylalanine residue at the position 8, 38, 50, 67, 70, 1 1 1 or 1 54 
of an amino acid sequaice (SEQ ID NO.: 9) of a wild-type IFN-P is opaably linked; (10) a host cell 
transfomied or transfected with a recombinant expression vector to which a DNA encoding an DFN-y 
5 variant that substitutes valine for the phenylalanine residue at the position 18, 32, 55, 57, 60, 63, 84, 
85, 95 or 139 of an amino acid sequence (SEQ ID NO.: 10) of a wild-type IFN-y is operably linked; 
(1 1) a host cell transfomned or transfected with a recombinant expression vector to which a DNA 
encoding an EFN-o) variant that substitutes valine for the phenylalanine residue at the position 27, 36, 
38, 65, 68, 124 or 153 of an amino acid sequence (SEQ ED NO.: 1 1) of a wild-type IFN-co is operably 

10 linked; (12) a host cell transformed or transfected with a recombinant expression vector to which a 
DNA encoding an IFN-x variant that substitutes valine for the phenylalanine residue at the position 8, 
39,68,71,88, 127, 156, 157, 159 or 183 ofan amino acid sequence (SEQ ID NO.: 12) of a wild-type 
IFN-T is operably linked; (13) a host ceU transfomied or transfected with a recombinant expression 
vector to vAxich a DNA encoding an IL-2 variant that substitutes valine for the phenylalanine residue 

15 at the position 42, 44, 78, 103, 117 or 124 ofan amino acid sequence (SEQ ID NO.: 13) of a wild- 
type IL-2 is operably linked; (14) a host cell transformed or transfected with a recombinant 
expression vector to which a DNA encoding an IL-3 variant that substitutes valine for the 
phenylalanine residue at the position 37, 61, 107, 1 13 or 133 of an amino acid sequence (SEQ ID 
NO.: 14) of a wild-type IL-3 is operably linked; (15) a host cell transformed or transfected with a 

20 recombinant expression vector to which a DNA encoding an IL-4 variant that substitutes valine for 
the phraylalanine residue at the position 33, 45, 55, 73, 82 or 1 12 of an amino acid sequence (SEQ 
ID NO.: 15) of a wild-type IL-4 is operably linked; (16) a host cell transformed or transfected with a 
recombinant expression vector to which a DNA encoding an IL-5 variant that substitutes valine for 
the phenylalanine residue at the position 49, 69, 96 or 103 of an amino acid sequence (SEQ ID NO.: 

25 16) of a wild-type IL-5 is operably linked; (17) a host cell transformed or transfected v\dth a 
recombinant expression vector to vAnch a DNA encoding an IL-6 variant ^t substitutes valine for 
the phenylalanine residue at the position 73, 77, 93, 104, 124, 169 or 172 of an amino acid sequence 
(SEQ ID NO.: 17) of a wild-type IL-6 is operably linked; (18) a host cell transformed or transfected 
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valine for the phenylalanine residue at the position 46, 128, 131, 141, 186, 204, 240 or 286 of an 
amino acid sequence (SEQ ID NO. : 25) of a wild-type TPO is opOTbly linked. 

In yet another specific aspect, the present invention provides the following host cells: (1) a 
host cell transformed or transfected with a recombinant expression vector to which a DNA encoding 
5 a Cbnr variant that substitutes valine for the phenylalanine re^^ 105, 119, 

152 or 178 of an amino acid sequence (SEQ ID NO.: 1) of a wild-type CNTF is opeiably linked; (2) 
a host cell transfonned or transfected with a recombinant expression vector to which a DNA 
encoding an EPO variant that substitutes valine for the phenylalanine residue at the position 48, 138, 
142 or 148 of an amino acid sequOTce (SEQ ID NO.: 2) of a wild-type EPO is opetably linked; (3) a 

1 0 host cell transfonned or transfected with a recombinant expression vector to which a DNA encoding 
a Flt3L variant that substitutes valine for the phoiylalamne residue at the position 6, 1 5, 8 1 , 87, 96 or 
124 of an amino acid sequence (SEQ ID NO.: 3) of a wild-type Flt3L is operably linked; (4) a host 
cell transfonned or transfected with a recombinant expression vector to which a DNA encoding a G- 
CSF variant that substitutes valine for the phenylalanine residue at the position 13, 83, 113, 140, 144 

15 or 160 of an amino acid sequence (SEQ ID NO.: 4) of a wild-type G-CSF is operably linked; (5) a 
host cell transformed or transfected with a recombinant expression vector to which a DNA encoding 
a GM-CSF variant that substitutes valine for the phenylalanine residue at the position 47, 103, 106, 
1 13 or 1 19 of an amino acid sequence (SEQ ID NO.: 5) of a wild-type GM-CSF is operably linked; 
(6) a host cell transfonned or transfected with a recombinant expression vector to which a DNA 

20 encoding a GH variant that substitutes valine for the phenylalanine residue at the position 1,10, 25, 
3 1, 44, 54, 92, 97, 139, 146, 166, 176 or 191 of an amino acid sequence (SEQ ID NO.: 6) of a wild- 
type GH is operably linked; (7) a host cell transformed or transfected with a recombinant expression 
vector to which a DNA encoding an IFN-a2A variant that substitutes valine for the phenylalanine 
residue at the position 27, 36, 38, 43, 47, 64, 67, 84, 123 or 151 of an amino acid sequence (SEQ ID 

25 NO.: 7) of a wild-type IFN-a2A is operably linked; (8) a host cell transfonned or transfected with a 
recombinant expression vector to which a DNA encoding an IFN-a2B variant that substitutes valine 
for the phenylalanine residue at the position 27, 36, 38, 43, 47, 64, 67, 84, 123 or 151 of an amino 
acid sequence (SEQ ID NO.: 8) of a wild-type IFN-oc2B is operably linked; (9) a host cell 
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with a recombinant expression vector to which a DNA encoding an IL-12p3S variant that substitutes 
valine for the phenylalanine residue at the position 13, 39, 82, 96, 116, 132, 150, 166 or 180 of an 
amino acid sequence (SEQ ID NO.: 18) of a wild-type IL-12p35 is operably linked; (19) a host cell 
transformed or transfected with a recombinant eq3ression vector to Mdiich a DNA encoding a LPT 
variant that substitutes valine for the phenylalanine residue at the position 41 or 92 of an amino acid 
sequence (SEQ ID NO.: 19) of a wild-type LPT is operably linked; (20) a host cell transformed or 
transfected with a recombinant expression vector to which a DNA encoding a LIP variant that 
substitutes valine for the phenylalanine residue at the position 41, 52, 67, 70, 156 or 180 of an amino 
acid sequence (SEQ ID NO.: 20) of a wild-type LIP is operably linked; (21) a host cell transformed 
or transfected with a recombinant expression vector to which a DNA encoding a M-CSF variant that 
substitutes valine for the phenylalanine residue at the position 35, 37, 54, 67, 91, 106, 121, 135, 143, 
229, 255, 31 1, 439, 466 or 485 of an amino acid sequence (SEQ ED NO.: 21) of a wild-type M-CSF 
is operably linked; (22) a host cell transformed or transfected with a recombinant expression vector to 
which a DNA encoding an OSM variant that substitutes valine for the phenylalanine residue at the 
position 56, 70, 160, 169, 176 or 184 of an amino acid sequence (SEQ ID NO.: 22) of a wild-type 
OSM is operably linked; (23) a host cell transformed or transfected with a recombinant expression 
vector to which a DNA encoding a PL variant that substitutes valine for the phenylalanine residue at 
the position 10, 31, 44, 52, 54, 92, 97, 146, 166, 176 or 191 of an amino acid sequence (SEQ ID NO.: 
23) of a wild-type PL is operably linked; (24) a host cell transformed or transfected with a 
recombinant expression vector to which a DNA encoding a SCF variant that substitutes valine for the 
phenylalanine residue at the position 63, 102, 110, 115, 116, 119, 126, 129, 158, 199, 205, 207 or 245 
of an amino acid sequence (SEQ ID NO.: 24) of a wild-type SCF is operably linked; and (25) a host 
cell transformed or transfected \yith a recombinant expression vector to which a DNA encoding a 
TPO variant that substitutes valine for the phenylalanine residue at the position 46, 128, 131, 141, 
186, 204, 240 or 286 of an amino acid sequence (SEQ ID NO.: 25) of a wild-type TPO is operably 
linked. 

In still another specific aspect, the present invention provides the following methods of 
preparing a protein variant: (1) a method of preparing a protein variant, comprising cultivating a host 
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cell transfonned or tiansfected wifli a recombinant expression vector to >^ch a DNA encoding a 
CNTF variant that substitutes valine for the phenylalanine residue at the position 3, 83, 98, 105, 119, 
152 or 178 of an amino acid sequmce (SEQ ID NO.: 1) of a wild-type CNTF is operably linked, and 
isolating the protein variant fiom a resulting culture; (2) a method of preparing a protein variant, 
5 comprising cultivating a host cell transfonned or transfected with a recombinant expression vector to 
which a DNA encoding an EPO variant that substitutes valine for the phenylalanine residue at the 
position 48, 138, 142 or 148 of an amino acid sequence (SEQ ID NO.: 2) of a wild-type EPO is 
operably linked, and isolating the protein variant fiom a resulting culture; (3) a mediod of preparing a 
protein variant, comprising cultivating a host cell transformed or transfected \^th a recombinant 

10 expression vector to which a DNA encoding a Flt3L variant that substitutes valine for the 
phenylalanine residue at the position 6, 15, 81, 87, 96 or 124 of an amino acid sequence (SEQ ID 
NO.: 3) of a wild-type Flt3L is operably linked, and isolating the protein variant fiom a resulting 
culture; (4) a method of preparing a protein variant, comprising cultivating a host cell transformed or 
transfected with a recombinant expression vector to which a DNA encoding a G-CSF variant that 

15 substitutes valine for the phenylalanine residue at the position 13, 83, 113, 140, 144 or 160 of an 
amino acid sequence (SEQ ID NO.: 4) of a wild-type G-CSF is operably linked, and isolating the 
protein variant fiom a resulting culture; (S) a method of preparing a protein variant, comprising 
cultivating a host cell transformed or transfected with a recombinant expression vector to which a 
DNA encoding a GM-CSF variant that substitutes valine for the phenylalanine residue at the position 

20 47, 103, 106, 1 13 or 1 19 of an amino acid sequence (SEQ ID NO.: 5) of a wild-type GM-CSF is 
operably linked, and isolating the protein variant fiom a resulting culture; (6) a method of preparing a 
protein variant, comprising cultivating a host cell transformed or transfected with a recombinant 
expression vector to which a DNA encoding a GH variant that substitutes valine for the 
phenylalanine residue at the position 1, 10, 25, 31, 44, 54, 92, 97, 139, 146, 166, 176 or 191 of an 

2 5 amino acid sequence (SEQ ID NO.: 6) of a wild-type GH is operably linked, and isolating the protein 
variant fiom a resulting culture; (7) a method of preparing a protein variant, comprising cultivating a 
host cell transformed or transfected with a recombinant expression vector to which a DNA encoding 
an IFN-a2A variant that substitutes valine for the phenylalanine residue at the position 27, 36, 38, 43, 
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47, 64, 67, 84, 123 or 151 of an amino acid sequence (SEQ ID NO.: 7) of a wild-type IFN-a2A is 
operably linked, and isolating the protein variant fiom a resulting culture; (8) a method of preparing a 
protein variant, comprising cultivating a host cell transfonned or transfected with a recombinant 
expression vector to which a DNA «icoding an IFN-a2B variant that substitutes valine for tiie 
5 phenylalanine residue at the position 27, 36, 38, 43, 47, 64, 67, 84, 123 or 151 of an amino acid 
sequence (SEQ ID NO.: 8) of a wild-type IFN-a2B is operably linked, and isolating the protein 
variant fit>m a resulting culture; (9) a method of preparing a protein variant, comprising cultivating a 
host cell transfonned or transfected with a recombinant expression vector to uiiich a DNA aicoding 
an IFN-p variant that substitutes valine for the phenylalanine residue at the position 8, 38, 50, 67, 70, 

10 1 1 1 or 1 54 of an amino acid sequence (SEQ ID NO.: 9) of a wild-type IFN-P is operably linked, and 
isolating the protein variant Irom a resulting culture; (10) a method of preparing a protein variant, 
comprising cultivating a host cell transfonned or transfected with a recombinant expression vector to 
which a DNA encoding an IFN-y variant ttiat substitutes valine for the phenylalanine residue at the 
position 18, 32, 55, 57, 60, 63, 84, 85, 95 or 139 of an amino acid sequence (SEQ ID NO.: 10) of a 

15 wild-type IFN-y is operably linked, and isolating the protein variant fix>m a resulting culture; (1 1) a 
method of preparing a protein variant, comprising cultivating a host cell transformed or transfected 
widi a recombinant expression vector to ^^ch a DNA encoding an IFN-a> variant that substitutes 
valine for the phenylalanine residue at the position 27, 36, 38, 65, 68, 124 or 153 of an amino acid 
sequence (SEQ ID NO.: 1 1) of a wild-type IFNki) is operably linked, and isolating the protein variant 

20 fiom a resulting culture; (12) a method of preparing a protein variant, comprising cultivating a host 
cell transfonned or transfected with a recombinant expression vector to which a DNA oicoding an 
IFN-T variant that substitutes valine for the phenylalanine residue at the position 8, 39, 68, 71 , 88, 1 27, 
156, 157, 159 or 183 of an amino acid sequence (SEQ ID NO.: 12) of a wild-type IFN-t is operably 
linked, and isolating the protein variant fix)m a resulting culture; (13) a method of preparing a protein 

25 variant, comprising cultivating a host cell transfonned or transfected with a recombinant expression 
vector to which a DNA encoding an IL-2 variant that substitutes valine for the phenylalanine residue 
at the position 42, 44, 78, 103, 1 17 or 124 of an amino acid sequence (SEQ ID NO.: 13) of a wild- 
type IL-2 is opa:Bbly linked, and isolating the protein variant from a resulting culture; (14) a method 
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of preparing a protein variant, comprising cultivating a host cdl transformed or tiansfected with a 
recombinant expression vector to which a DNA encoding an IL-3 variant that substitutes valine for 
the phenylalanine residue at the position 37, 61, 107, 113 or 1 33 of an amino acid sequence (SEQ ED 
NO.: 14) of a wild-type IL-3 is operably linked, and isolating the protein variant from a resulting 
5 culture; ( 1 5) a mefliod of prq>aring a protein variant, comprisii^ cultivating a host cell transfomied or 
transfected witfi a recombinant expression vector to which a DNA encoding an IL-4 variant that 
substitutes valine for the phenylalanine residue at the position 33, 45, 55, 73, 82 or 1 12 of an amino 
acid sequence (SEQ ID NO.: 15) of a wild-type IL-4 is operably linked, and isolating the protein 
variant from a resulting culture; (16) a method of preparing a protein variant, comprising cultivating a 

10 host cell transformed or transfected with a recombinant expression vector to vAnch a DNA encoding 
an IL-5 variant that substitutes valine for ttie phenylalanine residue at the position 49, 69, 96 or 1 03 of 
an amino acid sequence (SEQ ID NO.: 16) of a wild-type IL-5 is operably linked, and isolating the 
protein variant from a resulting culture; (17) a method of preparing a protein variant, comprising 
cultivating a host cell transformed or transfected with a recombinant expression vector to which a 

1 5 DNA encoding an IL-6 variant that substitutes valine for the phenylalanine residue at the position 73, 
77, 93, 104, 124, 169 or 172 of an amino acid sequence (SEQ ID NO.: 17) of a wild-type IL-6 is 
operably linked, and isolating the protein variant from a resulting culture; (18) a method of preparing 
a protein variant, comprising cultivating a host cell transformed or transfected with a recombinant 
expression vector to v^ch a DNA encoding an IL-12p35 variant that substitutes valine for the 

20 phenylalanine residue at the position 13, 39, 82, 96, 116, 132, 150, 166 or 180 of an amino acid 
sequence (SEQ ID NO.: 18) of a wild-type IL-12p35 is operably linked, and isolating the protein 
variant from a resulting culture; (1 9) a method of preparing a protein variant, comprising cultivating a 
host cell transfomied or transfected wifli a recombinant expression vector to vAich a DNA encoding 
a LPT variant that substitutes valme for the phenylalanine residue at the position 4 1 or 92 of an amino 

25 acid sequence (SEQ ED NO.: 19) of a wild-type LPT is operably linked, and isolating the protein 
variant fix>m a resulting culture; (20) a method of preparing a protein variant, comprising cultivating a 
host cell transformed or transfected with a recombinant expression vector to v^ch a DNA encoding 
a LIF variant that substitutes valine for the phenylalanine residue at the position 4 1 , 52, 67, 70, 1 56 or 
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1 80 of an amino acid sequence (SEQ ID NO.: 20) of a wild-type LIF is operably linked, and isolating 
the protein variant fiom a resulting culture; (21) a method of preparing a protein variant, comprising 
cultivating a host cell transformed or transfected widi a recombinant expression vector to ^vhich a 
DNA encoding a M-CSF variant that substitutes valine for the phenylalanine residue at the position 
5 35, 37, 54, 67, 91, 106, 121, 135, 143, 229, 255, 311, 439, 466 or 485 of an amino acid sequence 
(SEQ ID NO.: 21) of a wild-type M-CSF is operably linked, and isolating the protein variant fit)m a 
resulting culture; (22) a method of preparing a protein variant, comprising cultivating a host cell 
transformed or transfected with a recombinant expression vector to ^^ch a DNA encoding an OSM 
variant that substitutes valine for the phenylalanine residue at the position 56, 70, 160, 169, 176 or 184 

10 of an amino acid sequence (SEQ ID NO.: 22) of a wild-type OSM is operably linked, and isolating 
the protein variant fiom a resulting culture; (23) a method of preparing a protein variant, comprising 
cultivating a host cell transformed or transfected with a recombinant e?q>ression vector to which a 
DNA encoding a PL variant that substitutes valine for the phenylalanine residue at the position 1 0, 3 1 , 
44, 52, 54, 92, 97, 146, 166, 176 or 191 of an amino acid sequence (SEQ ID NO.: 23) of a wUd-type 

15 PL is operably linked, and isolating the protein variant fiom a resulting culture; (24) a method of 
preparing a protein variant, comprising cultivating a host cell transformed or transfected with a 
recombinant expression vector to which a DNA encoding a SCF variant that substitutes valine for the 
phenylalanine residue at the position 63, 102, 110, 115, 116, 119, 126, 129, 158, 199, 205, 207 or 245 
of an amino acid sequence (SEQ ID NO.: 24) of a wild-type SCF is operably linked, and isolating the 

2 0 protein variant fiom a resulting culture; and (25) a method of preparing a protein variant, comprising 
cultivating a host ceU transformed or transfected with a recombinant expression vector to wWch a 
DNA encoding a TPO variant that substitutes valine for the phenylalanine residue at the position 46, 
128, 131, 141, 186, 204, 240 or 286 of an amino acid sequence (SEQ ID NO.: 25) of a wild-type 
TPO is operably linked, and isolating the protein variant fix)m a resulting culture. 

25 In stiU another specific aspect, the present invention provides the following pharmaceutical 

compositions: (1) a pharmaceutical composition comprising a CNTF variant that substitutes valine 
for the phenylalanine residue at the position 3, 83, 98, 105, 119, 152 or 178 of an amino acid 
sequence (SEQ ID NO.: 1) of a wild-type CNTF and a pharmaceutically acceptable carrier, (2) a 
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phamiaceutical composition comprising an EPO variant that substitutes valine for tiie phenylalanine 
residue at the position 48, 138, 142 or 148 ofan amino acid sequence (SEQ ID NO.: 2) of a wild-type 
EPO and a pharmaceutically acceptable earner, (3) a pharmaceutical composition comprising a Flt3L 
variant ttiat substitutes valine for the phenylalanine residue at the position 6, 15, 81, 87, 96 or 124 of 
5 an amino acid sequence (SEQ ID NO.: 3) of a wild-type Flt3L and a pharmaceutically acceptable 
carrier, (4) a pharmaceutical composition comprising a G-CSF variant tfiat substitutes valine for the 
phenylalanine residue at tiie position 13, 83, 1 13, 140, 144 or 160 of an amino acid sequence (SEQ 
ID NO.: 4) of a wild-^ G<:SF and a phamiaceutically acceptable earner, (5) a phamiaceutical 
composition comprising a GM-CSF variant that substitutes valine for the phenylalanine residue at tiie 

10 position 47, 103, 106, 1 13 or 1 19 of an amino acid sequence (SEQ ID NO.: 5) of a wild-type GM- 
CSF and a pharmaceutically acceptable carrier, (6) a pharmaceutical composition comprising a GH 
variant that substitutes valine for the phenylalanine residue at tiie position 1 , 1 0, 25, 3 1 , 44, 54, 92, 97, 
139, 146, 166, 176 or 191 of an amino acid sequence (SEQ ID NO.: 6) of a wild-type GH and a 
pharmaceutically acceptable carrier, (7) a pharmaceutical composition comprising an IFN-ot2A 

15 variant that substitutes valine for tiie phenylalanine residue at tiie position 27, 36, 38, 43, 47, 64, 67, 
84, 123 or 151 of an amino acid sequence (SEQ ID NO.: 7) of a wild-type IFN-a2A and a 
pharmaceutically acceptable carrier, (8) a pharmaceutical composition comprising an IFN-a2B 
variant tfiat substitutes valine for the phenylalanine residue at tiie position 27, 36, 38, 43, 47, 64, 67, 
84, 123 or 151 of an amino acid sequence (SEQ ID NO.: 8) of a wild-type IFN-a2B and a 

20 pharmaceutically acceptable carrier, (9) a pharmaceutical composition comprising an IFN-P variant 
tiiat substitutes valine for tfie phenylalanine residue at tiie position 8, 38, 50, 67, 70, 1 1 1 or 154 of an 
amino acid sequence (SEQ ID NO.: 9) of a wild-type IFN-|J and a pharmaceutically acceptable 
carrier, (10) a pharmaceutical composition comprising an IFN-y variant tiiat substitutes valine for tiie 
phenylalanine residue at tiie position 18, 32, 55, 57, 60, 63, 84, 85, 95 or 139 of an amino acid 

25 sequence (SEQ ID NO.: 10) of a wild-type IFN-y and a pharmaceutically acceptable carrier, (1 1) a 
phamiaceutical composition comprising an EFN-oo variant that substitutes valine for tiie 
phenylalanine residue at tiie position 27, 36, 38, 65, 68, 124 or 153 of an amino acid sequence (SEQ 
ID NO.: 1 1) of a wild-type EFN-co and a phamiaceutically acceptable carrier, (12) a pharmaceutical 
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composition conq^rising an IFN-x variant that substitutes valine for the phenylalanine residue at the 
position 8, 39, 68, 71, 88, 127, 156, 157, 159 or 183 of an amino acid sequence (SEQ ID NO.: 12) of 
a wild-type BFN-x and a phamiaceutically acceptable camen (13) a phamiaceutical composition 
conqjriang an IL-2 variant that substitutes valine for the phenylalanme residue at the position 42, 44, 
5 78, 103, 117 or 124 of an amino acid sequence (SEQ TD NO.: 13) of a wild-type IL-2 and a 
pharmaceutically acceptable canier, (14) a pharmaceutical composition comprising an IL-3 variant 
that substitutes valine for the phenylalanine residue at the position 37, 61, 107, 113 or 133 of an 
amino acid sequence (SEQ ID NO.: 14) of a wild-type IL-3 and a pharmaceutically acceptable 
carrier, (15) a phannaceutical composition comprising an IL-4 variant that substitutes valine for the 

10 phenylalanine residue at the position 33, 45, 55, 73, 82 or 1 12 of an amino acid sequence (SEQ ED 
NO.: 15) of a wild-type IL-4 and a phamiaceutically acceptable carrier; (16) a pharmaceutical 
composition comprising an IL-5 variant that substitutes valine for the phenylalanine residue at the 
poation 49, 69, 96 or 103 of an amino acid sequence (SEQ ID NO.: 16) of a wild-type IL-5 and a 
phamiaceutically acceptable canier, (17) a pharmaceutical composition comprising an IL-6 variant 

15 that substitutes valine for the phenylalanine residue at the position 73, 77, 93, 1 04, 1 24, 1 69 or 1 72 of 
an amino acid sequence (SEQ ID NO.: 17) of a wild-type IL-6 and a phamiaceutically acceptable 
carrier, (18) a pharmaceutical composition comprising an IL-12p35 variant that substitutes valine for 
the phenylalanine residue at the position 13, 39, 82, 96, 1 16, 132, 150, 166 or 180 of an amino acid 
sequence (SEQ ED NO.: 18) of a wild-type IL-12p35 and a pharmaceutically acceptable carrier, (19) 

20 a pharmaceutical composition comprising a LPT variant that substitutes valine for the phenylalanine 
residue at tiie position 41 or 92 of an amino acid sequence (SEQ ID NO,: 1 9) of a wild-type LPT and 
a pharmaceutically acceptable carrier, (20) a phannaceutical composition comprising a LIF variant 
that substitutes valine for the phenylalanine residue at tfie position 41, 52, 67, 70, 156 or 180 of an 
amino acid sequence (SEQ ID NO.: 20) of a wild-type LEF and a pharmaceutically acceptable carrier, 

25 (21) a pharmaceutical composition comprising a M-CSF variant that substitutes valine for the 
phenylalanine residue at the position 35, 37, 54, 67, 91, 106, 121, 135, 143, 229, 255, 31 1, 439, 466 or 
485 of an amino acid sequence (SEQ ID NO.: 21) of a wild-type M-CSF and a phannaceuticaUy 
acceptable carrier, (22) a pharmaceutical composition comprising an OSM variant that substitutes 

33 



wo 2005/010043 PCT/KR2004/001246 



valine fi>r the phenylalanine residue at the position 56, 70, 160, 169, 176 or 184 of an amino acid 
sequOTce (SEQ ID NO.: 22) of a wild-type OSM and a phamiaceutically accqjtable caniw, (23) a 
phamiaceutical composition comprising a PL variant that substitutes valine for the phenylalanine 
residue at the position 10, 31, 44, 52, 54, 92, 97, 146, 166, 176 or 191 of an amino acid sequence 
5 (SEQ ID NO.: 23) of a wUd-type PL and a pharaiaoeuticaDy accqjtable canira; (24) a pharmaceutical 
composition compriang a SCF variant that substitutes valine for the phenylalanine residue at the 
position 63, 102, 110, 115, 116, 119, 126, 129, 158, 199, 205, 207 or 245 ofan amino acid sequence 
(SEQ ID NO.: 24) of a wild-type SCF and a phannaceutically acceptable carrier, and (25) a 
pharmaceutical composition comprising a TPO variant that substitutes valine for the phenylalanine 

10 residue at the position 46, 128, 131, 141, 186, 204, 240 or 286 ofan amino acid sequence (SEQ ID 
NO.: 25) of a wild-type TPO and a phaimaceutically acceptable earner. 

The present puipose to improve the efficacy in modulating biological responses was 
accomplished in tfie following examples using TPO, EPO, G-CSF and GH. It will be apparent to 
those skilled in ttie art that the following ^can^^les are piovided only to illustrate the present invention, 

15 and the scope ofthe preset invention is not limited to the examples. 

Example 1 . Construction of DNA coding wild type TPO/EPO/G-CSF/GH 
A. Constmction of DNA coding wild type TPO 

ISQuJi of TRIzol reagent(MRC.,USA) was added to bone manow tissue in a 
20 miciocentrifuge tube and incubated at room temperature for 5 minutes. 200;C^ of chlorofomi was 
added into the tube and then the tube was shaken vigorously for 1 5 seconds. After incubating ti\e tube 
at room tempaature for 2-3 minutes, it was centrifiiged at 15,000ipm for 15 minutes at 4lC. The 
upper phase was transferred to a 1.5hi4 tube and 500M of isopiopanol was added. The sample was 
incubated at -70 IC for 30 minutes and centrifiiged at 15,000rpm for 15 minutes at 4lC. Afto 
25 discarding stqpematant, RNA pellet was washed once with 75% DEPC-ethanol by vortexing and 
centrifu^ at 15,000rpm for 15 minutes at 4'C. The stip«nalant was removed and tte RNA pellet 
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was dried for S minutes at room temperatme and then die peUet was dissolved in 50/d of DEPC- 
treatedS" distilled water. 

2/jtg of mRNA purified as above and Ifd of oligo dT30 prima(10 pM, Promega, USA) 
were mixed and healed at 70 'C for 2 minutes and then it was immediately cooled on ice for 2 minutes. 
5 Afla-lhat, ttiis reaction mixture was added witfi 200U M-MLV reverse transaiptase(Promega, USA), 
lOid of 5X reaction buflFer(250mM Tris-HCl, pH 83, 375mM KCi, 15mM MgCh, 50nM DTT), l/d 
of dNTP(10mM dATP, lOmM dTTP, lOmM dGTP, lOmM dCTP) and DEPC-treated 3" water was 
added to make tl^ total volume of 50/d. Afia: mixipg gently, tte reaction nuxture was incubated at 
42 "C for 60 minutes. 

10 To amplify cDNA coding wild typQ TPO, the first strand cDNA as ten^late, primer 1 and 

primer 2 (Table 1) were added into a PGR tube including 2U of pfU DNA polymerase(Stiatagene, 
USA), lOfd of lOX reaction buffer, 1% Triton X-100, Img/hil BSA, 3/d of prim^ 1(10 iiM), 3/^ 
of primer 2(10 yM), 2/d of dNTP(10mM dATP, lOmM dTTP, lOmM dOTP, lOmM dCTP), and 
distilled water was added to make the total volume of 100 fd. The PGR reaction condition was as 

15 fi:)llows; 1 cycle at 95 for 3 minutes, and then 30 cycles at 95TC for 30 seconds, at 52 1C for 1 
minute, and at 72 TC for 1.5 minutes, and finally 1 cycle at 72*0 for 10 minutes to make PGR product 
with completely blunt end 

The PGR product obtained was sqsaiated in 0!8% ag3rose gel(BMA, USA) and was purified 
with Qiaex 11 gel retraction kit (Qiagen, USA). After the isolated DNA was mbced with 15U of 

20 EcoKl, lOU of Notl , 3fil of IQX reaction buffer and 3" distilled wal^ was added to make the total 
volume of 30 fd, DNA was restricted by incubation at 37 for 2 houts. The PGR product was 
sq>arated in 0.8% a^rose gel and was purified widi Qiaex 11 gel extraction kit 

After 5fig of pBIuesaipt KS n(+) vector was mbced with 15U of EcoRl, lOU of Afo/1 , 3fd 
of lOX reaction buffer and 3" distilled water was added to make the total volume of 30/^ DNA was 

25 restricted by incubation at 37V for 2 hours. The restricted pBIuesaipt KS n(-h) vector was 
separated in 0.8% agarose gel and was purified with Qiaex 11 g^l extraction kit 

lOOng of the digested pBluescript KS 11 (+) vector was lighted with 20ng of the PGR product 
which was di^sted with same enzymes. This ligation mbcture was incubated at 16X^ water bath for 
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16 hours, thus producing a recombinant vector comprising cDNA coding wild type TPO. Thai, it 
was transfomied into a Kcoli ToplO(Invitrogai, USA) which was made to a competent cell by 
rubidium chloride mefliod. The transformed bact^ia was cultured on LB agar plate containing 
SO[ig/\Sii of ampiciUin(Sign)a, USA). After ovemight incubation, colonies were transferred into tubes 
5 with 3m£ of LB medium containing 50//g^in£ ampicillin and tiien they were cultured at 37*0 for 16 
hours. Plasmid was isolated from the cultured bacteria with alkaline lysis mettiod and the restriction of 
EcoRVNoA was used to detect inclusion of cloned gme in the plasmid 

B, Construction of DNA coding wild type EPO 
1 0 Procedure of cloning DNA coding wild type EPO was basically same to that used for cloning 

DNA coding wild type TPO. 

The first strand cDNA as template, primer 11 and primer 12 (Table2) waie used for PGR 
amplification of DNA coding wild type EPO, The PGR product and cloning vector, pBluesoipt KS 
n(+) were digested with both EcoKL and BamHl endonucleases. The digested PGR product and 
15 cloning vector were ligaled and transformed into competent cell, Kcoli ToplO(Invitrogen, USA). 
Plasmid was isolated fiom die cultured bactoia witfi alkaline lysis method and the restriction of 
EcoRUBamHl was used to detect existmce of cloned gene in ttie plasmid 

G. Gonstmction of DNA coding wild type G<:SF 
20 Gonstmction procedure of DNA coding wild type G-GSF was similar to ftat used for DNA 

codii^ wild type TPO. 

Leukocytes fiom healthy people were used for the mRNA extraction, eavi primers 21 and 22 
(Table 3) were used for PGR amplification of cDNA coding wild type G-GSF. Both the PGR product 
and cloning vector, pBluescript KS !!(+) were digested with Smal and EcoRl endoniK^lease. The 
25 digested PGR product and cloniiig vector wane ligated and transformed into competmt cell, Kcoli 
ToplO(Invitrogen, USA). Plasmid was isolated fit>m the cultured bacteria with alkaline lysis method 
and the restriction of SmaVEcoRl was used to detect existence of cloned gene in the plasmid 
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D. Construction of DNA coding wild type GH 

DNA coding wild type GH was purchased fiom ATCC(ATCC No. 67097). To add leader 
sequence to N-taminal md of ttiis cDNA, prima- 35 and 36 (Table 4) were used for PGR. In oid&r 
to make complete cDNA coding wild type GH linked to tfie leader sequence, secondary PGR was 
5 canried out using primers 37 and 38 (Table 4). The PGR product and cloning vector, pBluescript KS 
n(+) were digested with EcoRl and HindSl endonuclease. Plasmid was isolated from tfie cultured 
bacteria with alkaline lysis method and the restriction of EcoRVHiruSM was used to d^ect existence of 
cloned gme in tiie plasmid 

1 0 Example 2. Gonstruction of cDNA coding TPO/EPO/G-GSF/GH muteins 

A. Gonstmction of cDNAs coding TPO muteins 

Four muteins of TPO, TPO[F46V], TPa[F128V], TP(>[F131V] and TPO-[F141V] were 
constructed according to procedures as follows to have a single amino acid-substitution fiom 
1 5 phenylalanine to valine at each positions, respectively. 

<Table 1> 



Primers used in constmcting cDN As coding TPO- wild type and muteins 



PrimerNo. 


Nucleotide sequence 


Sequence No. 


1 


Wild ^ TPO 


Sense 


5'-CGGAATTCCGATGGAGCTGACTGAATTG-3' 


26 


2 


Antisense 


5'-TTTAGCGGCCCX:ATTCTTACCCrrTCCTGAG- 
3' 


27 


3 


TPCKF46V] 


Sense 


T3 




4 


Antisense 


5'-CCAAGCTAACGTCCACAGCAG-3' 


28 


5 


TPCKF128V] 


Sctisc 


T3 




6 


antisense 


5'-GCTCAGGACXjATGGCAT-y 


29 


7 


TPO-PFI31V] 


Sense 


T3 




8 


antisense 


5'-GGTGTrGGACGCTCAGGAAGATG-3* 


30 


9 


TPCKF141V] 


Sense 


TJ 




10 


antisense 


S'-CATCAGGACACGCACCnTCC-S* 


31 



20 cDNA which code TPO-[F46V], TPO-[F128V], TPO-(F131V] and TPO-[F14iyi was 

constnKted by primary PGR using qiecific primets (Table 1) and universal primer T3 and secondary 
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PCR using the primary PGR product and universal primer T7. The t«nplate for fliese reactions was 
the cDNA coding wild type TPO cloned in pBluescript KS 11 (+) obtained fiom Example 1 . 

The primary PCR was performed by adding 2.5U Ex taq(Takara, Japan), 5/d of lOX buffer, 
ImM MgCfe, 2.5mM dNTP and D.W was added to make the total volume of SOut Hie PCR 
5 conditionconastedofl cycle at 94*0 for 3 minutes followed by 30 cycles at 95*0 for 30 seconds, at 
60X^ for 30 seconds and at 7ZX2 for 30 seconds and thm linked to 1 cycle at 72 1C for 7 minutes. 
The primary PCR product was used as a meg^primer in the secondary PCR togethar with univeiisal 
pmierT7(10pmole). The cDNA coding wild type TPO cloned in pBluescript KS II (+) was used as 
the tmiplate in tfie secondary PCR. The secoridary PCR was performed by addir^ 2.5U Ex taq, 
10 SfdoflOX buffer, 2.5mM dNTP and D.W was added to make the total volume of SO/d, The PCR 
condition consisted of 1 cycle at 94lC for 3 minutes followed by 30 cycles at 94^0 for 1 minute, at 
S8lC for 1 minute, and at 72*C for 1.5 minutes and finally linked to 1 cycle at ll^C for 7 minutes 
prior to temiinatioa 



15 the primary PCR. Sizes of megaprimers amplified were 280b.p for TPO-[F46V], 520b.p for TPO 
[F128V], 530b.p for TPO-[F131V] and 560b.p for TPO[F141V]. In the secondary PCR using 
m^^primers, cDNA coding each muteins produced showed the same size of 1062b.p. Substitution 
fiom phenylalanine to valine at nucleotide sequence of the individual TPO mutein was verified by 
direct sequencing. 

20 EachPCRpttXxiiictof 1062b.pvvassq3aratedin0.8%a^irosegelarripu^ 11 

gel extraction kit The PCT product was digested witti 1 5U EcoRl and 1 OU Notl at 37**C for 2 hours. 
The digested PCR product was separated in 0.8% agarose gel and purified with Qiaex 11 gel 
extraction kit and iigated with pBluescript KS D (+) as described above. The recombinant expression 
vector containing DNA which codes TPO-[F141V] was named Tefl5cacin-4 and was dqx)sited at the 

25 KCCM(Korean Culture Center of Microorganisms) under the Bud^sest Treaty on June 9, 2003. 
Accession number given by intemational depositary authority was KCCM-1 0500. 



To minimize errors derived form DNA synfliesis, Mg^^ concentration was reduced to ImM in 
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B. Construction of cDNAs coding EPO muteins 

Four muteins of EPO, EPO[F48V], EPOIF138V], EPO[F142V] and EP(>[F148V] were 
constructed according to procedures as follows to have a single amino acid-subsdtution &om 
ph^ylalanine to valine at each positions, req)ectively. 

5 

<Table2> 

Primers used in constructing cDNAs coding EPO- wild type and muteins 



Prima' No. 


Nucleotide sequence 


Sequence No. 


11 


Wild EPO 


Sense 


5'-GGCGCGGAGATGGGGGT-3' 


32 


12 


Antisaise 


s'-TGGTCATXJiXjTXXXxnxrrcxrrG-y 


33 


13 


EPO-PF48V] 


Sense 


13 




14 


Antisense 


5'<}ACATTAACTTTXKjIXTIXrRj^ 


34 


15 


EPCHF138V] 


Soise 


5'<nxnXXGCAAACTCTrcCGAG-J 


35 


16 


Antisense 


T7 




17 


EPCHF142V] 


Seise 


5'<X3CAAACTCGTCCGAGTCTACT-y 


36 


18 


Antisense 


T7 




19 


EPCHF148V] 


Sense 


5'-GAGTCTACTCCAATGTGGTGGG-3' 


37 


20 


Antisense 


T7 





Construction procedure of cDNA coding EPO muteins was basically similar to that of TPOs. 
10 cDNAs which code EPO-[F48V], EPO[F138V], EPO-[F142V], and EPO[F148V] were constmcted 
by primaiy PGR using specific primers (Table 2) and universal prima: T3 and secondaiy PGR using ttie 
primary PGR product and universal primer T7. The template for these reactions was tiie cDNA 
coding wild type EPO cloned in pBluescript KS Ef (+) obtained fiom Example 1 . 

Mg^^ concaitration was adjusted to ImM in the primaiy PGR Si2es of amplified 
15 meg^primers were 300b.p for EPO-[F48V], 550b.p for EPO-[F138V], 550b.p for EPO-[F142V] and 
550b.p for EPO-[F148V]. In the secondaiy PGR using the megaprimers, cDNAs coding the 
individual muteins were amplified as the same size of 580b.p. Substitution fix>m phenylalanine to 
valine at nucleotide sequence of the individual EPO mutein was vaified by direct sequencing. 

Each PGR product of 580b.p was separated in 0.8% agarose gel ami was purified witii Qiaex 
20 n gel extraction kit The PGR product was digested with 15U£co/M and 10U5^jm//I a 

hours. The digested PGR product was ligated into pBluescript KS 11 (+) as described above and was 
used for constructing the e^qnession vector. The recombinant expression vector containing DNA 
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vsiiich codes TPO-[F141 V] was named Refficacin-4 and was deposited at the KCCM(Korean Culture 
Ceater of Miaxwigqnians) under the Budqjest Treaty on June 9, 2003. Accession number giv«i by 
international depositaiy authority was K(XM-10501 . 

5 C. Construction of cDNAs coding G-CSF muteins 

Muteins of G-CSF, G-CSF[F13V], G<:SF[F83V], G-CSF[F113V], G-CSF[F140V], G- 
CSF[F144V] and G-CSF[F160V] were constructed according to procedures as follows to have a single 
amino acid-substitution fiom phenylalanine to valine at each positions, respectively. 

10 <Table3> 



Primas used in constructing cDNAs coding G-CSF- wild type and muteins 



Primer No. 


Nucleotide sequence 


SequQiceNo. 


21 


wild G-CSF 


Saise 


5^:CCCX;GCA<XATCGCrcGACXJTXjCCACXX:AG- 

3' 


38 


22 


AntisCTise 


5'-CGAATTCXXrrCAGGGCTGGGCAAGGAG-3' 


39 


23 


G-CSF-[F13V] 


S^ise 


T7 




24 


Antisense 


5'-ACrTGAGCAGGACGCrCT-3' 


40 


25 


G-CSF-DF83V] 


Sense 


5'-AGCGGCCrTG7€CrcTA-3' 


41 


26 


AntisQise 


T3 




27 


G-CSF-IF113V1 


Sense 


5'-GACGTTGCCACCACCAT-3' 


42 


28 


Antisense 


T3 




29 


G-CSF-[FI40V] 


S^ise 


5'-GCCGTX:GCCrXJIXKjrTT-3* 


43 


30 


Antisense 


T3 




31 


G-CSF-[F144V] 


Sense 


S'-TCGCXriTCTGCrGTCCAG-J 


44 


32 


Antisoise 


T3 




33 


G-CSF-IF160V] 


Sense 


^-TXJTGCAAGACGTCXTrGG-S* 


45 


34 


Antisense 


T3 





Constmction procedure of cDNA coding G-CSF muteins was basically similar to that of 
TPOs. cDNAs which code G-CSF-[F13V], G-CSF.[F83V], G-CSF-[F113V], G-CSF-[F140V], G- 
15 CSF-[F144V], and G-<:SF-[F160V] were constmcted by primary PCR using specific primers (Table 3) 
and universal primer T3 and secondary PCR using the primary PCR product and universal prima- T7. 
The tonplate for these reactions was tiie cDNA coding wild type G-CSF cloned in pBluescript KS 
n(+) obtained fiom tfie Example 1. 

Mg^^ concentration was adjusted to ImM in the primary PCR Sizes of amplified 

20 megaprimers were 600b.p for G-CSF-[F13V], 390b.p for G-CSF-[F83V], 300b.p for G-CSF-pFl 13V], 
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200b.p for G-CSF-0F14OV], 200b.p for G-CSF-PP144V], and 150 b.p for G-CSF[F160V]. In the 
secondary FCR using the meg^rim^ cDNAs coding each muteins were amplified as the same size 
of 640b.p. Substitution fix)m phenylalanine to valine at nucleotide sequence of the imlividual G-CSF 
mutein was vaified by direct sequrocing. 

Each PGR product of 640b.p was separated in 0.8% agarose gel and purified with Qiaex 11 
gel extraction kit The PGR product was digested with 1 5U Smal and lOU EcoRl at 37^C for 2 hours 
and sqiarated in 0.8% agarose gel and purified with Qiaex 11 gel extraction kit The digested PGR 
product was lighted into pBluesoipt KS ![(+) as described above. The recombinant expression 
vector containing DNA v^ch codes G-GSF-[F140V] was named GreflBcacin4 and was dqx)sited at 
the KCCM(Koiean Gulture Center of Microoig^nisms) under the Budapest Treaty on May 17, 2004. 
Accession number given by international depositary authority was KGGM-10571 . 

D. Gonsbuction of cDNAs coding GH muteins 

Four muteins of GH, GH-[F44V], GH-[F97V], GH-[F139y|, GH-[F146V], GH-[F166V], 
and GH-[F176V] were constructed according to procedures as follows to have a single amino acid- 
substitution fix>m phen3dalanine to valine at each positions, respectively. 
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<Table4> 

Primers used in constructing cDNAs coding GH- wild type and muteins 



Primer No. 


Nucleotide Sequence 


Sequence 
No. 


35 


Leader 
sequence 
addition 


Sense-l 


gagggcagtgccttoccaacx:attcxxjttatc-3' 


46 


36 


Antisense 


1 J 




37 


Serae-2 


^ I KJK^ 1 V.i«v^ 1 VJVJvo 1111 VJVJVA^ 1 VJVr \Js„X^ 1 0 


Hi 


38 


Antisense 


1 J 




39 


GH- 
[F44V] 


Saise 


T7 




40 


AntisCTise 


5'-GGGGTTCTGCAGGACTGAATACTTC-J 


48 


41 


GH- 
[F97V] 


Sense 


r; 




42 


Antisaise 


5*-GGCTGTTXKXXjACX}ATCCrG-3* 


49 


43 


GH- 
[F139V] 


Sense 


T7 




44 


Antisense 


5'-GTAGGTCrrGCTroACGATCTCCXXAG-3' 


50 


45 


GH- 
[F146V1 


Soise 


T7 




46 


Antisense 


5<jAGTTTGTGTCGACXJTTGCTGTAG-3' 


51 


47 


GH- 
[F166V] 


Sense 


T7 




48 


Antisoise 


^-GTCCTTCXnXjACGCAGTAGAGCAGO* 


52 


49 


GH- 
[FI76V] 


Sense 


T7 




50 


Antisense 


5'<X}ATGCGCAGGACTGTCTXX}ACCTTC^^^ 


53 



Construction procedure of cDNA coding GH muteins was basically similar to tiiat of TPOs, 
5 cDNAs which code muteins GH-[F44V], GH-[F97V], GH-[F139V], GH-[F146V], GH-[F166V] and 
GH-[F176V] were conslrticted by primary PGR using specific primers (Table 4) and universal primer 
T3 and secondaiy PGR using the inimary PGR product and universal primer T7. The template for 
tfiese reacdons was flie cDNA coding wild type GH cloned in pBluescript KS n(+) obtained fiom 
Example 1. 

10 Mg^"*" concentration was adjusted to ImM in the primary PGR. Sizes of each amplified 

megaprimers were 1 30b.p for GH-[F44V1, SOOb.p for GH-[F97V], 420b.p for GH-[F1 39V], 450b.p for 
GH-[F146V], 500b.p for GH-[F166V] and 530b.p for GH-[F176V] PGRs. Substitution fiom 
phenylalanine to valine at nucleotide sequence of the individual GH mutein was verified by direct 
sequencing. 

1 5 Each PGR product of 650b.p was sqsarated in 0.8% agarose gel and purified with Qiaex 11 

gel extraction kit Hie PGR product was digested with 15U EcoRl and lOU HindSTL at 37''G for 2 
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houis aiKl sq)aiated in 0.8% agarose gel and purified with Q II gel extraction kit The digested 
PGR product was lighted into pBluescriptKS n(+) as described above. 

EXAMPLE 3. Expression and Purification of TPO muteins 

5 

A. TPO muteins 

a Establishmaits of tiansfected cell lines by using Lqx)fection method 
Chinese hamster ovary C'CHO-Kr')(ATCC, CCL61) cells were prepared at a density 
1.5x10^ cells per 35mm dish containing Dulbecco's modified Eagle's medium C^DMENf ^[Gilxx) 

10 BRL, USA] supplanmted with 10% fetal bovine SOTimCTBS'O. The cells were grown at 37 1! in a 
5% CO2 for 18-24 hrs. 6fiJi of Lipo&ctamine was added to 1 5 tig of the recombinant expression 
vector comprising DNA coding TPO mutein in a stmle tube. Volume of this mixture was adjusted to 
XQOfjJi by adding serum-fiiee DMEM The tube was incubated at rcx>m tonperature for 45 mirL 
The cells grown in 35mm dish were washed twice with semm-fiee DMEM and 800jt^ of serum-fiee 

15 DMEM was added to the dish. The washed ceUs were gently overlaid on the lipofectamine-DNA 
complex and then incubated for 5hrs at 3TC in 5% CO2. After 5 hrs incubation, lm4 of DMEM 
containing 20% FBS was added to tiansfected cells and then the cells w^ incubated for 18-24 hrs at 
37'C, 5% CO2. After the incubation, ftie cells were washed twice with serum-fiee DMEM and then 
2i!]£ of DMEM containing 1 0% FBS was added to the culture. These cells were incubated for 72 hrs 

20 at37r,5%C02. 

b. Analysis of expression level of TPO muteins using ELIS A 

The cells transfected witti plasmid containing cDNA coding TPO-wild type or muteins were 
analyzed on their protein expression level by using ELISA assay. An goat anti-human TPO 
25 polyclonal antibody(R&D, U.SA) diluted to 10//g^iftft with coating buffer[0.1M Sodium 
bicarbonate,Q)H 9.6)] was added into each wells of 96 well plate(Falcon, USA) up to 100/^ per well 
and incubated for 1 hour at room temperature. The plate was washed with 0.1% Tweai-20 in IX 
PBS(PBST) three times. After washing, the plate was incubated with 200//£ of blocking buflFer(l% 
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FBS, 5% sucrose, 0.05% sodiion azide) for 1 hour at room tanpOTture and th«i washed three times 
with PBST. The cultured supematants (including the transfected cells) and dilution buffer(0.1% BSA, 
0.05% TweOT-20, IX PBS] wae mixed with ssxial dilutions. 25n^'rnl of recombinant human 
TPO[Calbiod)em, USA] as a positive control and untransfected CHO-Kl cultured siqsematants as a 
5 n^ative control were equally diluted These controls and samples were incubated for 1 hr at room 
temperature. Then, the plate was washed with PBST tiiree times. A biotinylated goat anti-human 
TPO antibody (R&D, USA) diluted to 02/ig/\\\i wiA dilution buffa- was added to the 96 well plate up 
to 100/jA per well and incubated for 1 hr at room temperature. The plate was washed with PBST 
three times. Strq)tavidin-HRP (R&D, USA) diluted to 1 200 in dilution buffer was added \O0fd per 
10 well to the 96 well plate and incubated for 1 hr at room temperature. After 1 hour, the plates was 
washed three times with PBST, and then coloring reaction was perfonned by using TMB microwell 
peroxidase substrate system^CPL, USA) and O.D was read at 630nm with microplate readerfBlO- 
RAD, Model 550]. 

15 c. Analysis of expression level and molecular weight of mutein TPO using western blotting 

In order to ©cdude FBS in medium, CHO-S-SFM n (G ibco BRL, USA) was used for culture 
of the above-ttansfected cell. Culture medium fiom CHO-S-SFM n was filtrated wifli 02fm\ syringe 
filter and conc^itcated with coitricon (Mol. 30,000 Millipore, USA). To perfonn the reduced SDS- 
PAGE, sample-loading buffer containing 5% P-mercaptoethanol was added to the sample and heated 

20 for 5 minutes. Stacking gel and running gel were used for this SDS-PAGE. The stacking gel was 
composed of 3.5% acrylamide, 0.375 M Tris ^H6,8), 0.4% SDS and the running gel was composed of 
10% aciylamide gel, 1 .5 M Tris 0>H8.8), 0.4% SDS. After SDS-PAGE gel running treatmait, protein 
samples were transferred to Westran (PVDF transfermembrane, S&S) having 4^/ni pore at 350mA for 
2 hrs in a 25mM Tris-192mM glycine (pH 8.3) -20% methanol buffer-containing reservoir. After 

25 transferring, it was blocked tfuee times for 10 minutes with 5% fat free milk powder in PBST. The 
biotinylated goat anti-human TPO antibody (R&D, USA) was diluted to 025jig/\ni in blocking buffer 
and 3ml of this solution was added and shaken for 6 hrs. The membrane was washed with washing 
solution three times. Streptavidin-HRP (R&D, USA) was diluted to 1:100 in blocking buffer and 
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incubated for 1 hr. The membrane was washed three times widi washing solutioa Protein bands 
were visualized by incubating wifli DAB substrate (VECTOR LABORATORIES, USA) for 10 
minutes. Ihis reaction was stopped with soaking the membrane in deionized water. 

In Figure 2a, wild type and mutein forms of TPOs had the same molecular weight(55kD). 
5 Relative expression level of wild type and muteins of TPO v/as shown in Figure 3a 

Expression level of each TPO mutein was compared to that of wild type TPO as a control. 
Expression level of TPO-PF128V] was iiKreased 1 .4 times more than that of wild type TPO. But 
expressions of TPO -[F46V], -(F13 1 V] and -[FI41V] were decreased to 20%, 40%, and 40% of that 
of wild type, respectively. 

10 

B. EPO muteins 

Expression vectors containing cDNAs coding EPO muteins were transfected to CHO^Kl cell 
and expression level of each of EPO mutein was detected by using ELISA assay. And molecular 
weight of each of wild type and mutein of EPO was analyzed by westan blotting. 
15 In Figure 2b, wild type and mutein forms of EPO had the same molecular weight (45kD). 

Relative expression level of wild type and muteins of EPO was shown in Figure 3b. 
Expressions level of EPO-[F48V] and -[F138V] was inaeased 1.4 and 12 times more than that of the 
wild type EPO, respectively. But expression level of EPO -[F142V] and -[F148V] was decreased to 
20 % and 30 % of that of wild type EPO, respectively. 

20 

C. G-CSF muteins 

Expression vectors containing cDNAs coding G-CSF muteins were transfected to CHO-Kl cell 
and expression level of each G-CSF mutein was detected by using ELISA assay. And molecular 
weight of each of wild type and muteins of G-CSF was analyzed by westan blotting. 
25 In Figure 2c, wild type and mutein fonns of G-CSF had the same molecular weight (50kD). 

Relative expression level of wild type- and muteins of G-CSF was shown in Figure 3c. 
Expression levels of rest of G-CSF muteins were similar to that of wild type G-CSF. Expression level 
of G-CSF mutein-|F83V] was increased 1 .9 times than that of wild-type. But expression levels of G- 
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CSF muteins -[F140V] and -[F144V] were decreased to 50 % and 70 % of that of wfld type G-CSF, 
respectively. 



D.GH muteins 

Expession vectors containing cDNAs coding GH muteins were transfected to CHO-Kl cell. 
M^od for fte expression of eadi of the GH muteins was tfie same as those used for TPO productioa 

EXAMPLE 4. Construction of DNA coding EPO, IPO, G-CSF, and GH receptore 
A. Construction of DNA coding EPO and TPO receptors 

DNAs coding EPO and TPO receptors were constmcted to analyze binding affinities of each 
of EPO muteins and TPO muteins. DNA coding exHaceUular domain of each receptor was linked to 
DNA coding Fc domain of IgGl such that the C-temiinal region of extraceUular domain of each 
receptor was &sed to N-tenninal region of human IgGl Fc domain. cDNA coding EPO receptor was 
constmcted by PCR using sense primet(primer 51) with reslriction sites of EcoRl and leader sequence 
of EPO receptor and antisense primei<primer 52) with the sequence coding 3' end of EPO receptor and 
the sequence coding 5'end Fc domain of IgG. cDNA coding IPO receptor linked to Fc domain of 
IgGl was constmcted by PCR using sense primer(primer 53) with restriction sites of HiruM and leader 
sequence of TPO recqjtor and antisense primer(primer 54) with the sequaice coding 3' end of TPO 
receptor and the sequence coding 5'end of Fc domain of IgG. 

cDNA coding EPO receptor produced as described above and DNA coding Fc domain of 
IgGl were mixed in the same tube, complementary binding between the common sequences was 
induced. Using this mixture, cDNA coding EPO receptor linked to Fc domain of IgGl was 
constmcted by PCR using sense primei<primer 51) with restriction sites of EcoRl and leader sequence 
of EPO receptor and antisense primer(primer 55) with restriction sites ofXbal and 3'end of Fc domain 
of IgG. The PCR product was cut with EcoRL and AZ>aI and inserted into PCR-3 expression vector for 
production of EPO receptor-Fc fiision protein. 
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cDNA coding TPO rec^Dtor pixxluoed as desoibed above and DNA coding Fc domain of 
IgGl were mixed in the same tube, thus complemOTtaiy binding between the common sequences was 
induced. Using this mixture, cDNA coding TPO lecq^tor linked to Fc domain of IgOl was 
constnicted by PGR uang sense primer(primer 53) with restriction sites of EcoRl and leader sequence 
of EPO recqjtor and antisoise primet(primer 55) witfi restriction sites ofXbal and 3'end of Fc domain 
of IgG. The PGR product was cut with HiruXH and Xba\ and inserted into PGR-3 expression vector 
for production of TPO receptor-Fc fusion proteia 

<Table5> 



A List of primers used in constructing TPO and EPO receptors fused to immunoglobulin 





PrimCT 
Na 




Nucleotide sequence 


Sequence 
No. 


EPO 
recq)tor 


51 


Sense 


5'-CGGAATTCATGGACCACCTCGGGGCG-3' 


54 


52 


Antisense 


5*-GCTCTAGACTAAGAGCAAGCCACATAGCrGGG-3* 


55 


TPO 
receptor 


53 


Sense 


5'<;CCAAGCTrATGGAGCTGACrGAATTGCTCCTC-3* 


56 


54 


Antisense 


5'-GGAATrCrTA<XCITCCTGAGACAGATTCrGG-3' 


57 


IgGl-R- 
Xbal 


55 




5'-GCTCrAGAGCrCATTTACCCGGAGACAGGGAGAG-y 


58 



B. Construction of DNA coding G-CSF and GH receptors 

cDNA coding G-CSF receptor was constmcted by PGR using sense primer(primer 56) with 
restriction site of HindHl and leader sequence of G-CSF receptor and antisense primei^primer 57) with 
restriction site of EcoRl and the sequence coding 3' end of G-CSF receptor. cDNA coding GH 
receptor was constructed by PCR using SMse primer (pnmer 58) with restriction site of EcoRl and 
leada- sequence of G-CSF receptor and antisense primap(primCT 59) with restriction site of §?el and the 
sequence coding 3' end of G-CSF receptor. 

The PCR product encoding G-CSF receptor was digested with HindSH and EcoRl, and was 
cloned by inserting into a commercially available cloning vector, pBluescript KS n(+) at 
HindSlI EcoRl site. The PCR product encoding GH receptor was digested with EcoRl and Spel, and 
cloned by inserting into a commacially available cloning vector, pBluescript KS 11 (+) at EcoRl/ Spel 
site. 
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Fc domain of human IgO was constructed by PCR using sense primei^jrimer 60 for G-CSF, 
primer 61 for GH) with sequence coding 5' end part of hinge region of human IgG and antis^ise primer 
(primCT 62). For G-CSF recq)tor, the PGR product coding Fc domain of human IgQ was digested 
with EcoRl andJ&dU and cloned by inserting into a commercially available cloning vector, pBluescript 
5 KS n(+)at£a>/?I/A&aIsite. For GHrecq)tDr, the PCR pnxiuct coding Fc domain of human IgG 
was digested with i^^I and XbaU and cloned by insating into a commercially available cloning vector, 
pBluescript KS n(+)ati§7rfsite/A&aL 

Both of die cloned cDNA coding G^CSF receptor and the cloned Fc domain of human IgQ 
were digested vnlhEcoRV Xbal and thai lighted to prepare DNA coding G-CSF recq>tor linked to Fc 
10 domain of human IgG. This DNA constmct was cut with HiruJOl and Xbal and insated into PCR-3 
expression vector. Both of the cloned cDNA coding GH receptor and the cloned Fc domain of human 
IgG woe digested with ^VXbal and tfien lighted to prepare DNA coding G-CSF receptor linked to 
Fc domain of human IgG- This DNA construct was cut with EcoRl and Xbal and inserted into PCR-3 
expression vector. 

15 

<Table6> 



A List of primers used in constructing G-CSF and GH recq)tors fused to Immunoglobulin 





Primer 
No. 




NiK^leoti^ sequence 


Sequence 
No. 


G-CSF 
recqjtor 


56 


Sense 


5'-c(x:aagcttatggctggacctgccaccx;-3' 


59 


57 


AntisoTse 


5*-GGAATTCGCAACAGAGCCAGGCAGTTCCA-3' 


60 


GH 
receptor 


58 


Sense 


5<:GGAATTCATXjGATCTCTGGCAGCTG-3' 


61 


59 


Antisense 


5'-GGACrAGTTTCGCTCATCTGAGGAAGTG-J 


62 


IgOl-F- 
EcoRI 


60 


Soise 


5'<k;aattcgcagagcccaaatcttgtgacaaaactc-3 


63 


IgOl-F- 
Spel 


61 


Sense 


5*-GACTAGTGCAGAGCCCAAATCTTGTGA-3' 


64 


IgQl-R- 
Xbal 


62 


Antisense 


5'<iCT<rrAGAGCTCATTTACCCGGAGACAGGGAGAG-3' 


65 



EXAMPLE 5. Measurement of binding affinity of cytokines and their muteins to each of 
2 0 their receptors by using ELIS A 
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A. Binding of TPO and TPO muteins to TPO Receptor 

Culture supematants of CHO cell transfected with expression vectors carrying genes for TPO 
muteins used for measuring cytokine-receptor interactions. 

TPO reoeptor-Ig fusion protein was purified fix>m culture supernatant of CHO cell transfected 
5 wifli recombinant expression vector canying gaie coding for TPO recq>tor-Fc fusion protein by using 
Protein A SqDharose-4B column (Pharmacia, Swed^). The purified fusion protein diluted to lOjc/g^iiii 
with coating buffer [O.IM Sodium bicarbonate,(pH 9.6)] was added into each wells of 96 well 
plate(Falcon, USA) up to \00/d per well and incubated for 1 hour at room t^perature. Hie plate 
was washed with 0.1% Tween-20 in IX PBS[PBST] three times. After washing, the plate was 

10 incubated with 200fd of blocking buffei<l% FBS, 5% sucrose, 0.05% sodium aade) for 1 hour at 
room temperature and thai washed three times with PB ST. 

Afier washing, culture siq^onatants consisting of four TPO muteins and one TPO wild type, 
respectively were diluted serially with dilution buffCT[0.1% BSA, 0.05% Tween-20, IX PBS] and was 
added to 96 well plate coated with the TPO receptor-Fc fijsion protein and incubated for 1 hr. The 

1 5 washing was repeated three times with PBST. A recombinant human TPO[Calbiochem, USA] as a 
positive control, and untransfected CHO-Kl cultured supematants as a negative control were equally 
diluted The plates were wa^ed with PBST tiiree times. A biotinylated goat anti-human TPO 
antibody (R&D, USA) diluted to 02/ig/M in dilution buffer was added to the 96 well plate to IQOfd 
per well and incubated for 1 hr at room temperature. The plate was washed with PBST three times. 

20 Streptavidin-HRP (R&D, USA) diluted to 1:200 in dilution buffer was added lOOfd per well to 96 
well plate and incubated for 1 hr at room temperature. The plate was washed three times with PBST 
after 1 hour. Coloring reaction was performed using TMB microwell peroxidase substrate system 
(KPL, USA) and O.D was read at 630nm with microplate reader [BIO-RAD, Model 550]. 

The binding affinity of TPO-[F141V] and TPO-[F131V] to the TPO receptor was increased 

25 compared to that of wild type TPO (Figure 4a). And the former mutein had the strongest binding 
affinity among all TPO muteins. 
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B. Binding of EPO and EPO muteins to EPO Recqjtor 

Measuremmt of binding affinity of EPO wild type and muteins to the recq)tor was basically 
similar to that of binding affinity of TPO and TPO muteins to TPO Receptor. 

TTie binding affinity of EPO-[F148V] and m>0[F142V] to the EPO receptor was increased 
5 compared to tfiat of wild type EPO(Figure 4b). And the former mulein had the strongest binding 
affinity among all EPO muteins. 

C Binding of G-CSF and G-CSF muteins to G-CSF Receptor 
Measurmimt of binding affinity of G-CSF wild type and muteins to the receptor was basically 
1 0 similar to that of binding affinity of TPO and TPO muteins to TPO Receptor. 

Results(Figurc 4c) showed binding affinity of G-CSF-[F140V], G-CSF-[F144V], and G- 
CSF-[F160V] to the G-CSF receptor was increased compared to that of wild type G-CSF. And the 
first mutein(G-CSF-[F140V]) had tfie strongest binding affinity among all G-CSF muteins. 

15 D. Binding of GH and GH muteins to GH receptor 

Measurement of binding affinity of GH wild type and muteins to the receptor was basically 
similar to that of binding affinity of TPO and TPO muteins to TPO Receptor. 

ResuIts(Figure 4d) showed that GH-[F139V] had the strongest binding aflBnity to the GH 

recqstor. 

20 

EXAMPLE 6. Measurement of bindings of cytokines and their muteins to each of their 
receptors by using SPR 

A. Binding ofTPO and TPO muteins to TPO Receptor 
25 To measure the binding affinity of TPO-|F141 V] and TPO-[F13iyi to TPO receptor, SPR 

was perfomied on a BIAcore 3000 instnunait containing CMS sensor chip. Anti-human IgG 
antibody was immobilized onto each flow cells 1 and 2 using amine-coupling chemistry. To 
inactivate any active group, surfaces were blocked with 1 M ethanolamine. TPO receptor-Fc fusion 
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protein was added to bind to tte and-human IgG antibocfy for 2 min at 30/^niin and Ihsn TPO and 
TPO muteins wae reacted to bind to tiie TPO receptor. 

At the same density of ligand, increased resonance unit (RU) means higha- binding 
affinities. In Fig.5a, wild TPO, TPO-[F141V] and TPO-[F131V] were lORU, 30RU and 20RU, 
5 respectively. This result showed that TPO-[F14iyi had the strongest binding affinity. In addition, 
Kd values of wild type and mutein TPO were shown in Table 7. 



^able7> 

Changes of Binding-kinetic rate constant of wild type and mutein TPO 











ChP 


Relative Binding 
affinity 


Wild type TPO 


2.42 


13.7 


5.66 


5.81 


1 


TPCHF141] 


12.8 


0.51 


0.04 


6.03 


141 



B.EPOmuteins 

SPR was perfoimed to measure binding afOnities of EPO mutein-[F148V] and EPO- 
[F 142V] with EPO T&xptOT. Experimental procedure was similar to tiiat for TPOs. 

Fig. 5b was the SPR result of EPO wild type and mutdns. In Fig. 5b, EPO-[F148V] 
15 showed 40RU, EPO-[F142V] 30RU. These results show that EPO-[F148y| had the strongest 
binding afBnity. In addition, Ko values of EPO muteins were shown in Table 8. 



<Table8> 

Changes of Binding-kinetic rate constant of wild type and mutein EPO 





KaM's^lO" 


K^S>10^ 






Relative Binding 
affinity 


Wild type EPO 


1.84 


8.83 


4.80 


4.55 


1 


EPCKF148] 


14.0 


0.64 


0.05 


226 


105 
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EXAMPLE 7. Measuranent of binding afBnities of wild typo- and muteins of cytokine by 
using F ACS 

A, Establishment of TF-l/c-A$7/ ceU line 

5 TF-1/c-Mpl cell line was established by tiansfecting cDNA coding c-A^l into TF-1 cell. 

Expression of c-Mpl was verified by using FACS analysis. The 1 x 10^/ml of the TF-l/c-A^/ cells was 
washed witti PBS buffer and purified c-A^l mouse anti-human monoclonal antibody(BD PhaiMingen, 
USA) was incubated with the TFA/c-Mpl cells. And tfien FTTC-conju^ted anti-mouse IgG(^\^lole 
molecule; Sigma, USA) was added to vaify expression of c-Mpl on surface of tfie TF-l/c-A^?/ cells. 
10 As a result, gr^h of the TFA/c-Mpl cell was shifted ri^twaid fiom that of TF-1 cells. This result 
showed that c-A^/, TPO recq)tor, was expressed on the TF-l/c-Mpl cell. 

B. FACS analysis of TPO muteins 

The IxlO^/ml of TF-1/c-Mpl ceU was suspended in PBS buffer and TPO wild type and — 
15 [F141V] was added to the suspension and incubated at 4*C for 30-60 minutes, respectively. 
Biotinylated goat anti-human TPO polyclonal antibody (R&D, USA) was added to the cells above and 
incubated at 410 for 30-60 minutes. Str^tavidin-FTTC (Sigma, USA) was added to the cells above 
and incubated at 4''C for 30-60 minutes. The cells were washed twice with PBS buffer to remove 
non-reacted Streptavidin-FTTC. TTie cells were suspended in PBS buffer and flow cytometric analysis 
20 was performed at 488nm using EXCALIBUR(BD, USA.). 

In Fig. 6a, a binding curve of TPO-[F141V] was shifled rightwaid fix>m that of wild type 
TPO. This result showed that TPO-[F141V] had much stronger receptor-binding aflSnity flian flie 
wild type TPO. 

25 C FACS analysis of EPO muteins 

FACS procedure of EPO muteins was canied out similarly to ttiat of TPO. 
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10 



15 



20 



In Fig. 6b, a tnnding curve of EPO-[F148V] was shifted ri^tward fiom tfiat of wild type 
TPO. This result showed tfiat TPO[F141V] is much stronger in receptor-binding aflSnity tfian the 
wUdtypeEPO. 

Example 8. Measurement of biological activities of TPO, EPO, G-CSF and GH mutdns 

A. Cell proliferation assay of TPO muteins 

To investigate differences of cell proliferation and biological activities between TPO- wild 
type and muteins, TFA/c-Mpl cell line produced above was used. TFA/c-Mpl cells were grown in 
DMEM medium siqplemented with 10% fetal bovine semm, Ing/ini GM-CSF at 37"C, 5% CO2. 
0.4, 1, 5, 10, 20, 40, 75ng/in4 of each of TPO-wild type and muteins in RPMI-1640 were seeded in 96- 
well tissue^ailture pIates(FALCON, USA). IxlO"* cell of the TF-Vc-Mpl cells in RPMI-1640 
containing 10% fetal bovine sexvm was added to each wells of the 96-well plate. After 4 days 
cultivation at 37t;, 5% CO2, 20 fd of MTS solution[3-(4,5-dimethyl-2-yl).5-(3- 
arboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetra2Dlium, inner salt, MTS] and the phenazine 
ethosul&te(PES;promeg^) was added and incubated for 4 hours. O.D. was measured with miaoplate 
readei(BIO-RAD Model 550) at 490 nm. 

Figure 7a showed diflferences of TPO wild type and muteins in stimulating TFA/c-Mpl cell 
proliferalioa TPO was ^plied to the TFA/c-Mpl fix)m OAng/ml to 75ng/inC. Cell proliferation was 
increased up to SOng^ml of TPO concentratioa TF A/c-Mpl cell proliferation potential of TPO- 
[F141 V] was much stronger than tiiat of wild type and was the first in biological activity among TPO 
muteins. Biological activity of TPO-[F131V] was the second strongest among TPO muteins. 
Activity of TPO-[F46V] similar to that of wild type. 

B. Cell proliferation assay of EPO muteins 

Biological activity for EPO muteins was examined by cell prolifoation assay using EPO- 
dependent TF-1 ceU. Experimmtal procedure of cell prolifealion assay of EPO muteins was similar 
to that of TPO muteins. 
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Figure 7b showed differmces of EPO wild type and muteixis in stimulating TF-1 cell 
pioliferatioa EPO was appHed to the TF-1 Cell fiom O.OlIU/tnl to TlU/iiii TF-1 ceU proliferation 
potential of EPO[F148V] was mudi strongs than that of the wild ^pe and was tiie first in biological 
strength among EPO muteins. Biological activities of EPO-[F142V] and EPO-[F138V] weie the 
5 second and the tfiLtd strongest among EPO muteins, respectively. 



<Table9> 

Biological activities of TPOs 





TPO 


The maximum activity comparison(%) 


Wild type 




100 


Muteins 


TPCKF46V] 


107 


TPO-rF128V] 


63 


TPO[F131V] 


119 


TPCKF14IV1 


146 



10 ^able lO 

Biological activities of EPOs 





EPO 


The maximum acthaty comparison(%) 


Wild type 




100 


Muteins 


EPO-[F48V] 


84 


EPCKF138V] 


57 


EPCKF142V] 


122 


EPCHF148V] 


137 



C.G-CSF muteins 

Biological activity for G-CSF muteins was examined by cell piolifoation assay using G-CSF 
15 dependait HL-60 cell. Experimmtal pioceduie of cell prolife^on assay of G-CSF muteins was 
similar to that of TPO muteins. 

Figure 7c showed differences of G-CSF wild type and muteins in stimulating HL-60 cell 
proliferation. G-CSF was applied to the HL-60 Cell Irom OAng/mi to TSng'inl HL-60 cell 
proliferation potential of G-CSF-[F140V] was much stronger than that of the wild type and was the first 
20 in biological strength among G-CSF muteins. 
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D. GH muteins 

Biological activity for GH muteins was examined by cell prolifoation assay using GH 
dependmt NB2 cell. Experimental procedurc of cdl prolif^ation assay of GH muteins was similar to 
that of GH muteins. 

5 Figure 7d showed diffaimces of GH wild type and muteins in stimulating NB2 cell 

proliferatioa GH was applied to the NB2 Cell fiom OAng/M to 75ng/ml NB2 cell piolifoBtion 
potential of GH-[F139V] was much stronger than that of the wild type and was the first in biological 
strength among GH muteins. 

1 0 Example 9. Pharmacokinetic Profiles of EPO and TPO- wild types and muteins 

DififereiK^e of pharmacokin^c profiles of eadi EPOand TPO- muteins between their 
wildtype was investigated. TPO or TPO muteins was injected intravenously into rabbits 
(NewZealand White, 3kg). And flien blood samples were collected serially. EPO and TPO 
1 5 concentrations fiom each samples were detected by using quantitative ELBA assay as described above. 
Injection of EPOs into mice (12weeks, Balb/c^ 30g) was perfomied by both intrap^tonealy and 
intravenously. Blood samples in hqiarin-containing tubes were sq^arated by centrifiigption at 
3,00Qipm for 10 minutes. Supernatant containing plasma was used to detect blood concentrations of 
EPO and TPO by using ELISA. 
20 After intravenous injection of 5 fig/kg of TPO wild typo and -[F141V] into rabbit, plasma 

concentration profiles of TPO wild type and -[F141V] were shown in Figure 8a Conc^tration of 
TPO-(F141V] was decreased more rapidly than fliat of wild type TPO. TPO-[F141V] was shifted 
fiom blood to peripheral target tissues more rapidly, due to its stronger binding affinity to receptor. 

After intravenous injection of 1000 I.U/kg of wild type EPO and EPO-[F148V] into rabbit, 
25 plasma concentration profiles of wild type EPO and EPO -[F148V] in blood were shown in Figure 8b. 
Cbnomtration of EPO-[F148V] was decreased more rapidly ttian that of EPO wild type. 

After intraperitoneal injection of 20 I.U/g of wild type EPO and EPO-[F148V] into mice, 
plasma concentration profiles were shown in Figure 8c. The difiKision velocity of EPO wild type was 
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high^ than that of EPO-[F148V] at eariy stage and maximum concOTtration in blood(Cmax) of wild 
type EPO was also higJiCT than that of EPO-[F148V]. Cmax of EPO[F148V] ranained longCT than 
wild type EPO. These results suggested that EPO[F148V] was more hydrophobic and had higher 
binding aflBnity to receptor tiian the wild type EPO. And these results lead to Ae conclusion that EPO- 
5 [F148V] was difiiised into blood more slowly and shifted from blood to peripheral target tissues more 
quickly ttian those of wild type EPO. 

<a'ablell> 



Pharmacokinetic paramet^ of EPO wild type and EPO-[F148V] mutein 





Mouse 


Rabbit 




Wild ^ EPO 


EPO^nutein 
[F148V] 


Wild ^ EPO 


EPO-mutein 
[F148V] 


TuzCHalflife) 


1.9 


1.4 


3.8 


24 


AUG 


100 


78 


100 


80 



10 

Example 10. In vivo activities of EPO muteins 

Difference of biological activities between EPO- wild type and muteins was verified in mice. 
Mice (12weeks Balb/c, 20g, Jungqng Lab Animal Inc., Korea) were y-irradiated at 700Rad. 250ng of 

1 5 purified EPO wild type and muteins in 50 fd of PBS were injected intraperitoneally 3 times everyday. 
Blood samples were collected from their tail veia And flien hematologic parameters were tested 
according to ordinary CBC test WUd type EPO was used as a positive control and CHO cell culture 
supernatant was used as a negative control. Blood was collected into tubes containing EDTA at 0, 1st, 
2nd, 4th, 7th, 1 0th, 1 5th, 20th, 25th, and 30fli days after the injectioa 

2 0 Figure 9 showed that CBC results in mice injected intraperitoneally with EPO- wild type and 

muteins to verify change in count of RBC and reticuloc^e. Increase of RBC count (Figure 9a) was 
mudi more rmiaikable in EPO|F148V]-injected mice than mice injected with wild type EPO. And 
ttie RBC increase of in EPO[F48V]- and EPO[138V]- injected mice was weaker than fliat of mice 
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injected with wild type EPO. Increase of reticulocyte count (Figure 9b) and hematooit was ^nular to 
the result of RBC count change in mice injected with EPO-[F148V]. 

Example 1 1 . In vivo activities of TPO muteins 

5 

DiflFerence of biological activities between TPO- wild type and muteins was studied in mice. 
Mice (12weeks Balb/c, 20g, Jungang Lab Animal Inc., Korea) wctc y-iiradiated at 700Rad 250ng of 
purified TPO wild type and muteins in 50 jt^ of PBS were injected intiaperitoneally 3 times evayday. 
Blood samples w^ collected fix>m dieir tail veia And then h^atologic parametons were tested 

10 according to ordinary CBC test Wild type TPO was used as a positive control and CHO cell culture 
supernatant was used as a negative control. Blood was collected into tubes containing EDTA at 0, 1st, 
4th, 7th, lOfli, 14th, 1 8th 23rd, 28th, and 32nd days after injection. 

Figure 10 showed the changes of platelet count^igure 10a), leukocyte count(Figure 10b),and 
neutrophil count(Figure 10c) in mice injected intraperitoneally with TPO- wild type and muteins. 

15 Increase of platelet count was the most remarkable in mice injected with TPO-[F141V]. And mice 
injected with TPO-[Fl 31V] was the second highest Mice injected with TPO-[F46V] was similar to 
those injected with wild type TPO. And mice injected with TI*0-[F128V] showed platelet count 
similar to that of negative controls injected wiA PBS (Figure 10a). Increase of leukocyte count 
(Figure 10b) and neutrophil count (Figure 10c) showed similar patterns as those seen in platelet change. 

20 

Industrial Applicability 

As apparent fiom the above results of the present invention, valine substitution for 
phenylalanine residue, which is present in a domain participating in the binding of conventional wild- 
type biological response-modulating proteins to corresponding receptors, ligands or substrates, leads 
25 to an increase in binding affinity and biological activity, and reduces the production of autoantibodies 
to conventional protein variants, thereby making it possible to produce improved protein drugs. 
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INDICATIONS RELATING TO DEPOSITED MICROORGANISM 
OR OTHER BIOLOGICAL MATERIAL 
(PCTRuIelSbis) 



A The indications made below relate to the deposited microoi^ganism or other biological material referred to in 

the description on page 38, line 20-26 



& IDENTIFICATION OF DEPOSIT Further depoats are on an additional sheetD 



Name of depositary institution 

Korean Culture Center of MicrooiisanismsOCCCM) 



Address of depositary ins^tuixoniindudingpt^tal cade oitd country) 
361-221, Yurim B/D, Hongje-dong, Seodaemun-gu, 



Date of deposit 


Accession Number 


09/06/2003 


KCCM- 10500 



C.ADDITIONAL INDlCATlONS^BmelimkfiwtqrSM^ This information is continued on an additional sheet 
□ 



D.DESIGNATED STATES FOR WHICH INDICATIONS ARE MM^EQfaieinOoa^aienatJm-idldes^^wtal 



E.SEPARATE FURNISHING OF mPlCATlONSfleave blank ff'itotapplurable) 

The indications listed below will be submitted to the International Bureau laterf^c^^^ die general nature of die 
btdkadons aq,, 'fAccession Nundter of ikposf^ 



For receiving Office use only 

□ This sheet was recdved with the international 
application 



Authorized officer 



For International Bureau use only 

□ This sheet was received by the International 
Bureau on: 



Authorized officer 



Form PCT/RO/134(July 1998) 
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INDICATIONS RELATINGTO DEPOSITED IVIICROORGANISM 
OR OTHER B10LX)GICAL MATERIAL 
(PCTRulel3bis) 



A. The indications made bdow relate to the deposited microoiiganism or other Inological material referred to in 

the description on page 40, line 1-^0 



R IDENTIRCATION OF DEPOSIT Further deposits are on an additional sheeO 

Name of depositary institution 

Korean CultureCcnter of MIcroorganismsCKCCM) 

Address of depositary IsistiUjitMiniindudingpostiU^ 



361-221, Yurim B/D, Hongj&dong, Seodaemun-gu, 
SEOUL 1204)91, Republic of Korea 



Date of deposit 


Accession Number 


09/06/2003 


KCCM- 10501 



CADDITIONAL WDlCATlOliS^bBneiimkfiwtqipba^ This information is continued on an additional sheet 
□ 



D.DESIGNATED STATES FOR WHICH INDICATIONS ARE MADEgriflfieffttsfiaflfopffay? 
Sta^ 



EJSEPARATE FURNISHING OF WDlCATlONSQeave blank i/notapplicabie) 

The indications listed below will be submitted to the International Bureau \a%<^rf^)0c^ tlieg&ieral nature of ilte 
indkadons aq», **A<xesdonNuinba'ofDqmif*) 



For receiving Office use only 

□ This sheet was received with the international 
application 



Authorized officer 



Form PCT/RO/l34(July 1998) 



For international Bureau use only 

□ This sheet was received by the International 
Bureau on: 



Authorized officer 
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INDICATIONS RELATING TO DEPOSITED MICROORGANISM 
OR OTHER BIOLOGICAL MATERIAL 
(PCrRulel3bis) 



A. The indications made below relate to the deposited niicrooi^nism or other biological material referred to in 
the description on page 41, line 10-15 



a IDENTIFICATION OF DEPOSIT Further deports are on an additional sheeCD 

Name of depositary institution 

Korean CultureCcnter of Microorganisms(KCCM) 

Address of depositary wsltituiMon(inciudbtgiwstalcodem 



361-221, Yurim B/D, Hongje-dong, Seodaemun-gu, 
SEOUL 120-091, RepubMc of Korea 



Date of deposit 


Accession Number 




17/05/2004 


KCCM- 10571 





C ADDITIONAL INDiCATlONSfaaAeUankfiwtqfboti^ This information is continued on an additional sheet 

□ 



D.DESIGNATED STATES FOR WHICH INDICATIONS ARE MXlfE^^^^^'iSoa^metwtJbread^ 
Stated 



E^EPARATE FURNISHING OF WDlCATlONSQeave blank if noi app/icable) 

The indications listed below wiD be submitted to the International Bureau later(^/iec^ the genmd nature qftlie 
IndkaHom&q,, *'AccesaonNumt)erofDepost'^ 



For receiving Office use only 

□ This sheet was recdved with the international 
application 



Authorized officer 



For international Bureau use only 

□ This sheet was received by the International 
Bureau on: 



Authorized officer 



Form PCT/RO/134(July 1998) 
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Claims 

1 . A piotein variant vMch substitutes valine for phenylalanine residue in a binding domain 
of a piotein having a biological response-modifying function by binding to a receptor, lig^nd or 
substrate. 

5 2. The protein variant according to claim 1 , wherein the protein is a cytokine. 

3. The protein variant according to claim 2, wherein the cytokine is a 4-alpha helix bundle 

cytokine. 

4. The protein variant according to claim 3, wherein the 4-alpha helix bundle cytokine is 
selected fiom the group consisting of CNTF, EPO, FIOL, G-CSF, GM-CSF, GH, IL-2, IL-3, 

1 0 IL-5, IL-6, IL-12p35, LPT, LIF, M-CSF, OSM, PL, SCF, TPO, IFN-a2A, IFN-a2B, IFN-P, IFN-y, 
IFN-coandlFN-T. 

5. The protein variant according to claim 4, vAoein the CNTF, EPO, Ht3L, G-CSF, GM- 
CSF, GH, IL-2, IL-3, IL^, IL-5, IL-6, rL-12p35, LPT, UF, M-CSF, OSM, PL, SCF and TPO are 
altered by substituting valine for phenylalanine residue of amino acid residues betwe^ positions 110 

15 and 180. 

6. The protein variant according to claim 4, wherein tfie IFN-a2A, IFN-a2B, EFN-p, IFN-y, 
IFN-co and IFN-x are altered by substituting valine for phenylalanine residue of amino acid residues 
between positions 1 and 50. 

7. The protein variant according to claim 4, M^erein the CNTF is altered by substituting valine 
20 for phenylalanine residue at a position 3, 83, 98, 105, 1 19, 152 or 178 of an amino acid sequence 

designated as SEQ ID NO.: 1. 
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8. The protein variant according to claim 4, wherein the EPO is altaed by substituting valine 
for phoijdalanine residue at a position 48, 138, 142 or 148 of an amino acid sequence designated as 
SEQIDNO.:2. 

9. The protein variant according to claim 4, vAoiein the Flt3L is altered by substituting valine 
5 for phenylalanine residue at aposition 6, 15, 81, 87, 96 or 124 of an amino acid sequence designated as 

SEQIDNa:3. 

10. The protein variant according to claim 4, wdierein the G-CSF is altered by substituting 
valine for phmylalanine residue at a position 13, 83, 1 13, 140, 144 or 160 of an amino acid sequmce 
designated as SEQ ID NO.: 4. 

10 11. The protein variant according to claim 4, wherein the GM-CSF is altered by substituting 

valine for phenylalanine residue at a position 47, 103, 106, 1 13 or 1 19 of an amino acid sequence 
designated as SEQ E) NO.: 5. 

12. The protein variant according to claim 4, wherein the GH is altered by substituting valine 
for phenylalanine residue at a position 1, 10, 25, 31, 44, 54, 92, 97, 139, 146, 166, 176 or 191 of an 

1 5 amino acid seqi^oe designated as SEQ ID NO.: 6. 

13. The protein variant according to claim 4, wherein the IL-2 is altered by substituting valine 
for phenylalanine residue at a position 42, 44, 78, 1 03, 1 1 7 or 124 of an amino acid sequence designated 
as SEQ ID NO.: 13. 

14. The protein variant according to claim 4, >^4ierein the IL-3 is altered by substituting valine 
2 0 for phenylalanine residue at a position 37, 61 , 1 07, 1 1 3 or 1 33 of an amino acid sequence designated as 

SEQ ID NO.: 14. 
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1 5. The protein variant according to claim 4, wherein the IL-4 is altered by substituting valine 
for phmylalanine residue at a position 33, 4S, 55, 73, 82 or 1 1 2 of an amino acid sequmce designated as 
SEQIDN0.:15. 

16. The protein variant according to claim 4, ^^4^erein the IL-5 is altered by substituting valine 
5 for phmylalanine residue at a position 49, 69, 96 or 1 03 of an amino acid sequmce designated as SEQ 

ID NO.: 16. 

1 7. The protein variant according to claim 4, wherein the IL-6 is altered by substituting valine 
for phenylalanine residue at a position 73, 77, 93, 104, 124, 169 or 172 of an amino acid sequence 
designated as SEQ ID NO.: 17. 

10 18. The protein variant according to claim 4, wh^ein the IL-12p35 is alt^ied by substituting 

valine for phenylalanine residue at a position 13, 39, 82, 96, 1 16, 132, 150, 166 or 180 of an amino acid 
sequence designated as SEQ ID NO.: 1 8. 

1 9. The protein variant according to claim 4, whaiein the LPT is altered by substituting valine 
for phenylalanine residue at a position 41 or 92 of an amino acid sequence designated as SEQ ID NO.: 

15 19. 

20. The protein variant according to claim 4, wherein the LIF is altered by substituting valine 
for phenylalanine residue at a position 41, 52, 67, 70, 156 or 180 of an amino acid sequence designated 
as SEQ ID NO.: 20. 

21. The protein variant according to claim 4, vsdieiein the M-CSF is altered by substituting 
20 valineforphenylalanineresidueataposition35, 37,54, 67,91, 106, 121, 135, 143,229,255,311,439, 

466 or 485 of an amino acid sequence designated as SEQ ID NO. : 2 1 . 
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22. The protein variant according to claim 4, w^^ein the OSM is altered by substituting 
valine for jAioiylalanine residue at a position 56. 70, 160, 169, 176 or 184 of an amino acid sequence 
designated as SEQ ID NO.: 22. 

23. The protein variant according to claim 4, wh^in the PL is altered by substituting valine 
5 for phenylalanine residue at a position 10,31,44, 52, 54,92, 97, 146, 166, 176 or 191 of an amino acid 

sequmce designated as SEQ ID NO.: 23. 

24. The protein variant according to claim 4, wherein the SCF is altered by substituting valine 
for phenylalanine residue at a position 63, 102, 1 10, 1 15, 1 16, 1 19, 126, 129, 158, 199, 205, 207 or 245 
of an amino acid sequence designated as SEQ ID NO. : 24. 

10 25. The protein variant according to claim 4, wherein the TPO is altered by substituting valine 

for phenylalanine residue at a position 46, 128, 131, 141, 186, 204, 240 or 286 of an amino acid 
sequaice designated as SEQ ID NO.: 25. 

26. The protein variant according to claim 4, wha«in the IFN-ct2A is altered by substituting 
valine for phenylalanine residue at a position 27, 36, 38, 43, 47, 64, 67, 84, 1 23 or 1 5 1 of an amino acid 

15 sequence designated as SEQ ID NO.: 7. 

27. The protein variant according to claim 4, v^erein the IFN-a2B is altered by substituting 
valine for phenylalanine residue at a position 27, 36, 38, 43, 47, 64, 67, 84, 123 or 1 5 1 of an amino acid 
sequ^ce designated as SEQ ID NO.: 8. 

28. The protein variant according to claim 4, \^^in die IFN-P is altered by substituting 
20 valine for phenylalanine residue at a position 8, 38, 50, 67, 70, 1 1 1 or 154 of an amino acid sequence 

designated as SEQ ID NO.: 9. 
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29. The protdn variant according to claim 4, wherein the IFN-y is alta:ed by substituting 
valine for phenylalanine residue at a position 18, 32, 55, 57, 60, 63, 84, 85, 95 or 139 of an amino acid 
sequmce designated as SEQ ID NO.: 1 0. 

30. The protein variant according to claim 4, vsdierein the IFN-co is altaed by substituting 
5 valine for phenylalanine residue at a position 27, 36, 38, 65, 68, 1 24 or 1 53 of an amino acid sequence 

designated as SEQ ID NO. : 11. 

31. Tl^ protein variant according to claim 4, wherein the IFN-x is altered by substituting 
valine for phenylalanine residue at a position 8, 39, 68, 71, 88, 127, 156, 157, 159 or 183 of an amino 
acid sequence designated as SEQ ID NO.: 12. 

10 32. A DNA aiooding the protein variant according to any one of claims 1 to 31. 

33. A recombinant expression vector to which the DNA according to claim 32 is operably 

linked. 

34. The recombinant expression vector according to claim 33, wii^ein the recombinant 
expression vector has an accession number KCCM-1 0500, KCCM-10501 or KCCM-10571. 

15 35. A host cell transformed or transfected with the recombinant expression vector according 

to claim 33 or 34. 

36. A method of preparing a protein variant, comprising cultivating the host cell according to 
claim 35 and isolating tfie protein variant fiom a resulting culture. 



20 



37. A pharmaceutical composition comprising the protein variant according to any one of 
claims 1 to 3 1 and a pharmaceutically acceptable carrier. 
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FIG. 2A 
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FIG. 2B 



^07 kDa 
58 kDa 

41 kDa 

2T kDa 
20 kDa 



wo 2005/010043 



PCT/KK2004/001246 



5/29 
FIG. 2C 
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FIG. 3A 
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FIG. 3B 
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FIG. 3C 
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FIG. 4A 
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FIG. 4B 
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FIG. 4C 
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FIG. 4D 
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FIG. 5A 
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FIG. 5B 



RU 

180 T 




•50 -I 1 ■ ■ t ■ t-- 1 ^' ' r- 

^ 45 05 I4S 19S 245 

time 



wo 2005/010043 PCT/KR2004/001246 



15/29 

FIG. 6A 
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FIG. 6B 
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FIG. 7A 
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FIG. 7B 
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FIG. 7C 
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FIG. 7D 
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FIG. 8A 
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FIG. 8B 
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FIG. 8C 
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FIG. 9A 




0 ' ■ ■ ' ■ ■ ■ 

0 5 10 15 20 25 30 

Time (day) 



wo 2005/010043 



PCT/KIt2004/001246 



25/29 

FIG. 9B 
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FIG. 9C 




)!Joo)euj8|-| 



wo 2005/010043 



PCTAICR2004/001246 



2im 

FIG. lOA 




400 ' ' • ' ' ' ' ' 

0 5 10 15 20 25 30 35 

Day 



wo 2005/010043 



PCT/KR2004/001246 



28/29 

FIG. lOB 
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Sequence Listing 



<110> MEDEXGEN Inc. 

CHUNG, Yong-Hoon 
LEE, Hak-sup 
YI, Ki-Wan 
HEO, Youn-Hwa 
KIM, Jae-Youn 

<120> A method of improving efficacy of biological response-modifying 
proteins and the exemplary muteins 

<150> KRlO-2003-005184 6 
<151> 2003-07-26 

<160> 65 

<170> Kopatentin 1.71 

<210> 1 

<211> 200 

<212> PRT 

<213> Artificial Sequence 



<220> 
<223> 



CNTF: 3rd, 83rd, 98th, 105th, 119th, 152nd or 178th Phe is 
replaced by Val. 



<400> 1 

Met Ala Phe Thr Glu His Ser Pro Leu Thr Pro His Arg Arg Asp Leu 
15 10 15 

Cys Ser Arg Ser He Trp Leu Ala Arg Lys He Arg Ser Asp Leu Thr 
20 25 30 

Ala Leu Thr Glu Ser Tyr Val Lys His Gin Gly Leu Asn Lys Asn He 
35 40 45 

Asn Leu Asp Ser Ala Asp Gly Met Pro Val Ala Ser Thr Asp Gin Trp 
50 55 60 
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Ser Glu Leu Thr Glu Ala Glu Arg Leu Gin Glu Asn Leu Gin Ala Tyr 
65 70 75 80 

Arg Thr Phe His Val Leu Leu Ala Arg Leu Leu Glu Asp Gin Gin Val 
85 90 95 

His Phe Thr Pro Thr Glu Gly Asp Phe His Gin Ala lie His Thr Leu 
100 105 110 

Leu Leu Gin Val Ala Ala Phe Ala Tyr Gin lie Glu Glu Leu Met lie 
115 120 125 

Leu Leu Glu Tyr Lys lie Pro Arg Asn Glu Ala Asp Gly Met Pro lie 
130 135 140 

Asn Val Gly Asp Gly Gly Leu Phe Glu Lys Lys Leu Trp Gly Leu Lys 
145 150 155 160 

Val Leu Gin Glu Leu Ser Gin Trp Thr Val Arg Ser lie His Asp Leu 
165 170 175 

Arg Phe lie Ser Ser His Gin Thr Gly lie Pro Ala Arg Gly Ser His 
180 185 190 

Tyr lie Ala Asn Asn Lys Lys Met 
195 200 



<210> 2 

<211> 166 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> EPO: 48th, 138th, 142nd or 148th Phe is replcaced by Val. 



<400> 2 

Ala Pro Pro Arg Leu lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu 
15 10 15 
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Leu Glu Ala Lys Glu Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His 
20 25 30 

Cys Ser Leu Asn Glu Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe 
35 40 45 

Tyr Ala Trp Lys Arg Met Glu Val Gly Gin Gin Ala Val Glu Val Trp 
50 55 60 

Gin Gly Leu Ala Leu Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu 
65 70 75 80 

Leu Val Asn Ser Ser Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp 
85 90 95 

Lys Ala Val Ser Gly Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu 
100 105 110 

Arg Ala Gin Lys Glu Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala 
115 120 125 

Pro Leu Arg Thr He Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val 
130 135 140 

Tyr Ser Asn Phe Leu Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala 
145 150 155 160 



Cys Arg Thr Gly Asp Arg 
165 



<210> 3 

<211> 209 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Flt3L: 6th, 15th, 81st, 87th, 96th or 124th Phe is replaced by 
Val, 
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<400> 3 

Thr Gin Asp Cys Ser Phe Gin His Ser Pro lie Ser Ser Asp Phe Ala 
15 10 15 

Val Lys lie Arg Glu Leu Ser Asp Tyr Leu Leu Gin Asp Tyr Pro Val 
20 25 30 

Thr Val Ala Ser Asn Leu Gin Asp Glu Glu Leu Cys Gly Gly Leu Trp 
35 40 45 

Arg Leu Val Leu Ala Gin Arg Trp Met Glu Arg Leu Lys Thr Val Ala 
50 55 60 

Gly Ser Lys Met Gin Gly Leu Leu Glu Arg Val Asn Thr Glu lie His 
65 70 75 80 

Phe Val Thr Lys Cys Ala Phe Gin Pro Pro Pro Ser Cys Leu Arg Phe 
85 90 95 

Val Gin Thr Asn lie Ser Arg Leu Leu Gin Glu Thr Ser Glu Gin Leu 
100 105 110 

Val Ala Leu Lys Pro Trp lie Thr Arg Gin Asn Phe Ser Arg Cys Leu 
115 120 125 

Glu Leu Gin Cys Gin Pro Asp Ser Ser Thr Leu Pro Pro Pro Trp Ser 
130 135 140 

Pro Arg Pro Leu Glu Ala Thr Ala Pro Thr Ala Pro Gin Pro Pro Leu 
145 150 155 160 

Leu Leu Leu Leu Leu Leu Pro Val Gly Leu Leu Leu Leu Ala Ala Ala 
165 170 175 

Trp Cys Leu His Trp Gin Arg Thr Arg Arg Arg Thr Pro Arg Pro Gly 
180 185 190 

Glu Gin Val Pro Pro Val Pro Ser Pro Gin Asp Leu Leu Leu Val Glu 
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195 



200 



205 



His 



<210> 4 

<211> 174 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> G-CSF: 13rd, 83rcl, 113rd, 140th, 144th or 160th Phe is replaced 
by Val. 



<400> 4 

Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
15 10 15 

Cys Leu Glu Gin Val Arg Lys lie Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 

Glu Lys Leu Cys Ala Thr Tyr Lys Leu Cys His Pro Glu Glu Leu Val 
35 40 45 

Leu Leu Gly His Ser Leu Gly lie Pro Trp Ala Pro Leu Ser Ser Cys 
50 55 60 

Pro Ser Gin Ala Leu Gin Leu Ala Gly Cys Leu Ser Gin Leu His Ser 
65 70 75 80 

Gly Leu Phe Leu Tyr Gin Gly Leu Leu Gin Ala Leu Glu Gly lie Ser 
85 90 95 

Pro Glu Leu Gly Pro Thr Leu Asp Thr Leu Gin Leu Asp Val Ala Asp 
100 105 110 



Phe Ala Thr Thr lie Trp Gin Gin Met Glu Glu Leu Gly Met Ala Pro 
115 120 125 
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Ala Leu Gin Pro Thr Gin Gly Ala 
130 135 

Gin Arg Arg Ala Gly Gly val Leu 
145 150 

Leu Glu Val Ser Tyr Arg Val Leu 
165 



Met Pro Ala Phe Ala Ser Ala Phe 
140 

Val Ala Ser His Leu Gin Ser Phe 

155 160 

Arg His Leu Ala Gin Pro 
170 



<210> 5 

<211> 127 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> GM-CSF: 47th, 103rcl, 106th, 113rd or 119th Phe is replaced by 
Val. 



<400> 5 

Ala Pro Ala Arg Ser Pro Ser Pro Ser Thr Gin Pro Trp Glu His Val 
15 10 15 

Asn Ala lie Gin Glu Ala Arg Arg Leu Leu Asn Leu Ser Arg Asp Thr 
20 25 30 

Ala Ala Glu Met Asn Glu Thr Val Glu Val lie Ser Glu Met Phe Asp 
35 40 45 

Leu Gin Glu Pro Thr Cys Leu Gin Thr Arg Leu Glu Leu Tyr Lys Gin 
50 55 60 

Gly Leu Arg Gly Ser Leu Thr Lys Leu Lys Gly Pro Leu Thr Met Met 
65 70 75 80 

Ala Ser His Tyr Lys Gin His Cys Pro Pro Thr Pro Glu Thr Ser Cys 
B5 90 95 
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Sequence Listing 



Ala Thr Gin lie He Thr Phe Glu Ser Phe Lys Glu Asn Leu Lys Asp 
100 105 110 

Phe Leu Leu Val He Pro Phe Asp Cys Trp Glu Pro Val Gin Glu 
115 120 125 



<210> 6 

<211> 191 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> GH: 1st, 10th, 25th, 31st, 44th, 54th, 92th, 97th, 139th, 146th, 
166th, 176th or 191st Phe is replaced by Val. 

<400> 6 

Phe Pro Thr He Pro Leu Ser Arg Leu Phe Asp Asn Ala Met Leu Arg 
15 10 15 

Ala His Arg Leu His Gin Leu Ala Phe Asp Thr Tyr Gin Glu Phe Glu 
20 25 30 

Glu Ala Tyr He Pro Lys Glu Gin Lys Tyr Ser Phe Leu Gin Asn Pro 
35 40 45 

Gin Thr Ser Leu Cys Phe Ser Glu Ser He Pro Thr Pro Ser Asn Arg 
50 55 60 

Glu Glu Thr Gin Gin Lys Ser Asn Leu Glu Leu Leu Arg He Ser Leu 
65 70 75 80 

Leu Leu He Gin Ser Trp Leu Glu Pro Val Gin Phe Leu Arg Ser Val 
85 90 95 

Phe Ala Asn Ser Leu Val Tyr Gly Ala Ser Asp Ser Asn Val Tyr Asp 
100 105 110 
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1 



Leu Leu Lys Asp Leu Glu Glu Gly lie Gin Thr Leu Met Gly Arg Leu 
115 120 125 

Glu Asp Gly Ser Pro Arg Thr Gly Gin He Phe Lys Gin Thr Tyr Ser 
130 135 140 

Lys Phe Asp Thr Asn Ser His Asn Asp Asp Ala Leu Leu Lys Asn Tyr 
145 150 155 160 

Gly Leu Leu Tyr Cys Phe Arg Lys Asp Met Asp Lys Val Glu Thr Phe 
165 170 175 



Leu Arg lie Val Gin Cys Arg Ser Val Glu Gly Ser Cys Gly Phe 
180 185 190 



<210> 7 

<211> 165 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> IFN-alpha 2A: 27th, 36th, 38th, 43rd, 47th, 64th, 67th, 84th, 
123rd or 151st Phe is replaced by Val. 



<400> 7 

Cys Asp Leu Pro Gin Thr His Ser Leu Gly Ser Arg Arg Thr Leu Met 
15 10 15 

Leu Leu Ala Gin Met Arg Lys He Ser Leu Phe Ser Cys Leu Lys Asp 
20 25 30 

Arg His Asp Phe Gly Phe Pro Gin Glu Glu Phe Gly Asn Gin Phe Gin 
35 40 45 

Lys Ala Glu Thr He Pro Val Leu His Glu Met He Gin Gin He Phe 
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50 55 60 

Asn Leu Phe Ser Thr Lys Asp Ser Ser Ala Ala Trp Asp Glu Thr Leu 
65 70 75 80 

Leu Asp Lys Phe Tyr Thr Glu Leu Tyr Gin Gin Leu Asn Asp Leu Glu 
85 90 95 

Ala Cys Val lie Gin Gly Val Gly Val Thr Glu Thr Pro Leu Met Lys 
100 105 110 

Glu Asp Ser lie Leu Ala Val Arg Lys Tyr Phe Gin Arg lie Thr Leu 
115 120 125 

Tyr Leu Lys Glu Lys Lys Tyr Ser Pro Cys Ala Trp Glu Val Val Arg 
130 135 140 

Ala Glu lie Met Arg Ser Phe Ser Leu Ser Thr Asn Leu Gin Glu Ser 
145 ' 150 155 160 

Leu Arg Ser Lys Glu 
165 



<210> 8 

<211> 165 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> IFN-alpha 2B: 27th, 36th, 38th, 43rcl, 47th, 64th, 67th, 84th, 
123rd or 151st Phe is, replaced by Val. 

<400> 8 

Cys Asp Leu Pro Gin Thr His Ser Leu Gly Ser Arg Arg Thr Leu Met 
15 10 15 

Leu Leu Ala Gin Met Arg Arg lie Ser Leu Phe Ser Cys Leu Lys Asp 
20 25 30 
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Arg His Asp Phe Gly Phe Pro Gin Glu Glu Phe Gly Asn Gin Phe Gin 
35 40 45 

Lys Ala Glu Thr lie Pro Val Leu His Glu Met lie Gin Gin lie Phe 
50 55 60 

Asn Leu Phe Ser Thr Lys Asp Ser Ser Ala Ala Trp Asp Glu Thr Leu 
65 70 75 80 

Leu Asp Lys Phe Tyr Thr Glu Leu Tyr Gin Gin Leu Asn Asp Leu Glu 
85 90 95 

Ala Cys Val He Gin Gly Val Gly Val Thr Glu Thr Pro Leu Met Lys 
100 105 110 

Glu Asp Ser He Leu Ala Val Arg Lys Tyr Phe Gin Arg He Thr Leu 
115 120 125 

Tyr Leu Lys Glu Lys Lys Tyr Ser Pro Cys Ala Trp Glu Val Val Arg 
130 135 140 

Ala Glu He Met Arg Ser Phe Ser Leu Ser Thr Asn Leu Gin Glu Ser 
145 150 155 160 

Leu Arg Ser Lys Glu 
165 

<210> 9 
<211> 166 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> IFN-Beta: 8th, 38th, 50th, 67th, 70th, Hist or 154th Phe is 
replaced by Val. 

<400> 9 
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Met Ser Tyr Asn Leu Leu Gly Phe Leu Gin Arg Ser Ser Asn Cys Gin 
15 10 15 

Cys Gin Lys Leu Leu Trp Gin Leu Asn Gly Arg Leu Glu Tyr Cys Leu 
20 25 30 

Lys Asp Arg Arg Asn Phe Asp He Pro Glu Glu He Lys Gin Leu Gin 
35 40 45 

Gin Phe Gin Lys Glu Asp Ala Ala Val Thr He Tyr Glu Met Leu Gin 
50 55 60 

Asn He Phe Ala He Phe Arg Gin Asp Ser Ser Ser Thr Gly Trp Asn 
65 70 75 80 

Glu Thr He Val Glu Asn Leu Leu Ala Asn Val Tyr His Gin Arg Asn 
85 90 95 

His Leu Lys Thr Val Leu Glu Glu Lys Leu Glu Lys Glu Asp Phe Thr 
100 105 110 

Arg Gly Lys Arg Met Ser Ser Leu His Leu Lys Arg Tyr Tyr Gly Arg 
115 120 125 

He Leu His Tyr Leu Lys Ala Lys Glu Asp Ser His Cys Ala Trp Thr 
130 135 140 

He Val Arg Val Glu He Leu Arg Asn Phe Tyr Val He Asn Arg Leu 
145 150 155 160 

Thr Gly Tyr Leu Arg Asn 
165 



<210> 10 

<211> 146 

<212> PRT 

<213> Artificial Sequence 
<220> 
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<223> IFN-gaimna: 18th, 32nd, 55th, 57th, 60th, 63rd, 84th, 85th, 95th 
or 139th Phe is replaced by Val. 



<400> 10 

Cys Tyr Cys Gin Asp Pro Tyr Val Lys Glu Ala Glu Asn Leu Lys Lys 
15 10 15 

Tyr Phe Asn Ala Gly His Ser Asp Val Ala Asp Asn Gly Thr Leu Phe 
20 25 30 

Leu Gly lie Leu Lys Asn Trp Lys Glu Glu Ser Asp Arg Lys lie Met 
35 40 45 

Gin Ser Gin lie Val Ser Phe Tyr Phe Lys Leu Phe Lys Asn Phe Lys 
50 55 60 

Asp Asp Gin Ser lie Gin Lys Ser Val Glu Thr lie Lys Glu Asp Met 
65 70 75 80 

Asn Val Lys Phe Phe Asn Ser Asn Lys Lys Lys Arg Asp Asp Phe Glu 
85 90 95 

Lys Leu Thr Asn Tyr Ser Val Thr Asp Leu Asn Val Gin Arg Lys Ala 
100 105 110 

lie His Glu Leu lie Gin Val Met Ala Glu Leu Ser Pro Ala Ala Lys 
115 120 125 

Thr Gly Lys Arg Lys Arg Ser Gin Met Leu Phe Gin Gly Arg Arg Ala 
130 135 140 

Ser Gin 
145 



<210> 11 

<211> 172 

<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> IFN-omega: 27th, 36th, 38th, 65th, 68th, 124th or 153rd Phe is 
replaced by Val . 



<400> 11 

Cys Asp Leu Pro Gin Asn His Gly Leu Leu Ser Arg Asn Thr Leu Val 
15 10 15 

Leu Leu His Gin Met Arg Arg lie Ser Pro Phe Leu Cys Leu Lys Asp 
20 25 30 

Arg Arg Asp Phe Arg Phe Pro Gin Glu Met Val Lys Gly Ser Gin Leu 
35 40 45 

Gin Lys Ala His Val Met Ser Val Leu His Glu Met Leu Gin Gin He 
50 55 60 

Phe Ser Leu Phe His Thr Glu Arg Ser Ser Ala Ala Trp Asn Met Thr 
65 70 75 80 

Leu Leu Asp Gin Leu His Thr Gly Leu His Gin Gin Leu Gin His Leu 
85 90 95 

Glu Thr Cys Leu Leu Gin Val Val Gly Glu Gly Glu Ser Ala Gly Ala 
100 105 110 

He Ser Ser Pro Ala Leu Thr Leu Arg Arg Tyr Phe Gin Gly He Arg 
115 120 125 

Val Tyr Leu Lys Glu Lys Lys Tyr Ser Asp Cys Ala Trp Glu Val Val 
130 135 140 

Arg Met Glu He Met Lys Ser Leu Phe Leu Ser Thr Asn Met Gin Glu 
145 150 155 160 



Arg Leu Arg Ser Lys Asp Arg Asp Leu Gly Ser Ser 
165 170 
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<210> 12 

<211> 187 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> IFN-tau: 8th, 39th, 68th, 71st, 88th, 127th, 156th, 157th, 159th 
or 183rd Phe is replaced by Val. 



<400> 12 

Leu Asp Leu Lys Leu He He Phe Gin Gin Arg Gin Val Asn Gin Glu 
15 10 15 

Ser Leu Lys Leu Leu Asn Lys Leu Gin Thr Leu Ser He Gin Gin Cys 
20 25 30 

Leu Pro His Arg Lys Asn Phe Leu Leu Pro Gin Lys Ser Leu Ser Pro 
35 40 45 

Gin Gin Tyr Gin Lys Gly His Thr Leu Ala He Leu His Glu Met Leu 
50 55 60 

Gin Gin He Phe Ser Leu Phe Arg Ala Asn He Ser Leu Asp Gly Trp 
65 70 75 80 

Glu Glu Asn His Thr Glu Lys Phe Leu He Gin Leu His Gin Gin Leu 
85 90 95 

Glu Tyr Leu Glu Ala Leu Met Gly Leu Glu Ala Glu Lys Leu Ser Gly 
100 105 110 

Thr Leu Gly Ser Asp Asn Leu Arg Leu Gin Val Lys Met Tyr Phe Arg 
115 120 125 

Arg He His Asp Tyr Leu Glu Asn Gin Asp Tyr Ser Thr Cys Ala Trp 
130 135 140 

Ala He Val Gin Val Glu He Ser Arg Cys Leu Phe Phe Val Phe Ser 
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145 150 155 160 

Leu Thr Glu Lys Leu Ser Lys Gin Gly Arg Pro Leu Asn Asp Met Lys 
165 170 175 

Gin Glu Leu Thr Thr Glu Phe Arg Ser Pro Arg 
180 185 



<210> 13 

<211> 133 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> IL-2: 42ndi, 44th, 78th, 103rd, 117th or 124th Phe is replaced by 
val. 



<400> 13 

Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gin Leu Gin Leu Glu His 
15 10 15 

Leu Leu Leu Asp Leu Gin Met lie Leu Asn Gly lie Asn Asn Tyr Lys 
20 25 30 

Asn Pro Lys Leu Thr Arg Met Leu Thr Phe Lys Phe Tyr Met Pro Lys 
35 40 45 

Lys Ala Thr Glu Leu Lys His Leu Gin Cys Leu Glu Glu Glu Leu Lys 
50 55 60 

Pro Leu Glu Glu Val Leu Asn Leu Ala Gin Ser Lys Asn Phe His Leu 
65 70 75 80 

Arg Pro Arg Asp Leu lie Ser Asn lie Asn Val lie Val Leu Glu Leu 
85 90 95 

Lys Gly Ser Glu Thr Thr Phe Met Cys Glu Tyr Ala Asp Glu Thr Ala 
100 105 110 
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Thr lie Val Glu Phe Leu Asn Arg Trp lie Thr Phe Cys Gin Ser lie 
115 120 125 

lie Ser Thr Leu Thr 
130 



<210> 14 
<211> 133 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> IL-3: 37th, 61st/ 107th, 113rd or 133rd Phe is replaced by Val. 
<400> 14 

Ala Pro Met Thr Gin Thr Thr Pro Leu Lys Thr Ser Trp Val Asn Cys 
15 10 15 

Ser Asn Met lie Asp Glu lie lie Thr His Leu Lys Gin Pro Pro Leu 
20 25 30 

Pro Leu Leu Asp Phe Asn Asn Leu Asn Gly Glu Asp Gin Asp lie Leu 
35 40 45 

Met Glu Asn Asn Leu Arg Arg Pro Asn Leu Glu Ala Phe Asn Arg Ala 
50 55 60 

Val Lys Ser Leu Gin Asn Ala Ser Ala lie Glu Ser lie Leu Lys Asn 
65 70 75 80 

Leu Leu Pro Cys Leu Pro Leu Ala Thr Ala Ala Pro Thr Arg His Pro 
85 90 95 

lie His lie Lys Asp Gly Asp Trp Asn Glu Phe Arg Arg Lys Leu Thr 
100 105 110 

Phe Tyr Leu Lys Thr Leu Glu Asn Ala Gin Ala Gin Gin Thr Thr Leu 
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115 



120 



125 



Ser Leu Ala lie Phe 
130 



<210> 15 

<211> 129 

<212> PRT 

<213> Artificial Sequence 



<220> 
<223> 



IL-4: 33rd, 45th, 55th, 73rd, 82nd or H2nd Phe is replaced by 
Val. 



<400> 15 

His Lys Cys Asp lie Thr Leu Gin Glu He He Lys Thr Leu Asn Ser 
15 10 15 

Leu Thr Glu Gin Lys Thr Leu Cys Thr Glu Leu Thr Val Thr Asp He 
20 25 30 

Phe Ala Ala Ser Lys Asn Thr Thr Glu Lys Glu Thr Phe Cys Arg Ala 
35 40 45 

Ala Thr Val Leu Arg Gin Phe Tyr Ser His His Glu Lys Asp Thr Arg 
50 55 60 

Cys Leu Gly Ala- Thr Ala Gin Gin Phe His Arg His Lys Gin Leu He 
65 70 75 80 

Arg Phe Leu Lys Arg Leu Asp Arg Asn Leu Trp Gly Leu Ala Gly Leu 
85 90 95 

Asn Ser Cys Pro Val Lys Glu Ala Asn Gin Ser Thr Leu Glu Asn Phe 
100 105 110 



Leu Glu Arg Leu Lys Thr He Met Arg Glu Lys Tyr Ser Lys Cys Ser 
115 120 125 
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<210> 16 

<211> 115 

<212> PRT 

<213> Artificial Sequence 



Sequence Listing 



PCT/KR2004/001246 



<220> 
<223> 



IL-5: 49th, 69th, 96th or 103rd Phe is replaced by Val. 



<400> 16 

lie Pro Thr Glu lie Pro Thr Ser Ala Leu Val Lys Glu Thr Leu Ala 
15 10 15 

Leu Leu Ser Thr His Arg Thr Leu Leu lie Ala Asn Glu Thr Leu Arg 
20 25 30 

lie Pro Val Pro Val His Lys Asn His Gin Leu Cys Thr Glu Glu He 
35 40 45 

Phe Gin Gly He Gly Thr Leu Glu Ser Gin Thr Val Gin Gly Gly Thr 
50 55 60 

Val Glu Arg Leu Phe Lys Asn Leu Ser Leu lie Lys Lys Tyr He Asp 
65 70 75 80 

Gly Gin Lys Lys Lys Cys Gly Glu Glu Arg Arg Arg Val Asn Gin Phe 
85 90 95 

Leu Asp Tyr Leu Gin Glu Phe Leu Gly Val Met Asn Thr Glu Trp He 
100 105 110 



He Glu Ser 
115 
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<210> 17 

<211> 183 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> IL-6: 73rd, 77th, 93rd, 104th, 124th, 169th or 172nd Phe is 
replaced by Val. 



<400> 17 

Val Pro Pro Gly Glu Asp Ser Lys Asp Val Ala Ala Pro His Arg Gin 
15 10 15 

Pro Leu Thr Ser Ser Glu Arg lie Asp Lys Gin He Arg Tyr He Leu 
20 25 30 

Asp Gly He Ser Ala Leu Arg Lys Glu Thr Cys Asn Lys Ser Asn Met 
35 40 45 

Cys Glu Ser Ser Lys Glu Ala Leu Ala Glu Asn Asn Leu Asn Leu Pro 
50 55 60 

Lys Met Ala Glu Lys Asp Gly Cys Phe Gin Ser Gly Phe Asn Glu Glu 
65 70 75 80 

Thr Cys Leu Val Lys He He Thr Gly Leu Leu Glu Phe Glu Val Tyr 
85 90 95 

Leu Glu Tyr Leu Gin Asn Arg Phe Glu Ser Ser Glu Glu Gin Ala Arg 
100 105 110 

Ala Val Gin Met Ser Thr Lys Val Leu He Gin Phe Leu Gin Lys Lys 
115 120 125 

Ala Lys Asn Leu Asp Ala He Thr Thr Pro Asp Pro Thr Thr Asn Ala 
130 135 140 

Ser Leu Leu Thr Lys Leu Gin Ala Gin Asn Gin Trp Leu Gin Asp Met 
145 150 155 160 
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Thr Thr His Leu lie Leu Arg Ser Phe Lys Glu Phe Leu Gin Ser Ser 
165 170 175 

Leu Arg Ala Leu Arg Gin Met 
180 



<210> 18 

<211> 197 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> 1L-I2p35: 13rd, 39th, 82nd, 96th, 116th, 132nd, 150th, 166th or 
180th Phe is replaced by Val. 



<400> 18 

Arg Asn Leu Pro Val Ala Thr Pro Asp Pro Gly Met Phe Pro Cys Leu 
15 10 15 

His His Ser Gin Asn Leu Leu Arg Ala Val Ser Asn Met Leu Gin Lys 
20 25 30 

Ala Arg Gin Thr Leu Glu Phe Tyr Pro Cys Thr Ser Glu Glu lie Asp 
35 40 45 

His Glu Asp lie Thr Lys Asp Lys Thr Ser Thr Val Glu Ala Cys Leu 
50 55 60 

Pro Leu Glu Leu Thr Lys Asn Glu Ser Cys Leu Asn Ser Arg Glu Thr 
65 70 75 80 

Ser Phe lie Thr Asn Gly Ser Cys Leu Ala Ser Arg Lys Thr Ser Phe 
85 90 95 

Met Met Ala Leu Cys Leu Ser Ser lie Tyr Glu Asp Leu Lys Met Tyr 
100 105 110 
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Gin Val Glu Phe Lys Thr Met Asn Ala Lys Leu Leu Met Asp Pro Lys 
115 120 125 

Arg Gin He Phe Leu Asp Gin Asn Met Leu Ala Val He Asp* Glu Leu 
130 135 140 

Met Gin Ala Leu Asn Phe Asn Ser Glu Thr Val Pro Gin Lys Ser Ser 
145 150 155 160 

Leu Glu Glu Pro Asp Phe Tyr Lys Thr Lys He Lys Leu Cys He Leu 
165 170 175 

Leu His Ala Phe Arg He Arg Ala Val Thr He Asp Arg Val Met Ser 
180 185 190 

Tyr Leu Asn Ala Ser 
195 



<210> 19 

<211> 146 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> LPT: 41st or 92nd Phe is replaced by Val. 



<400> 19 

Val Pro He Gin Lys Val Gin Asp Asp Thr Lys Thr Leu He Lys Thr 
15 10 15 

He Val Thr Arg He Asn Asp He Ser His Thr Gin Ser Val Ser Ser 
20 25 30 

Lys Gin Lys Val Thr Gly Leu Asp Phe He Pro Gly Leu His Pro He 
35 40 45 

Leu Thr Leu Ser Lys Met Asp Gin Thr Leu Ala Val Tyr Gin Gin He 
50 55 60 
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Leu Thr Ser Met Pro Ser Arg Asn 
65 70 

Glu Asn Leu Arg Asp Leu Leu His 
85 

His Leu Pro Trp Ala Ser Gly Leu 
100 

Val Leu Glu Ala Ser Gly Tyr Ser 
115 120 

Leu Gin Gly Ser Leu Gin Asp Met 
130 135 

Gly Cys 
145 



Val lie Gin lie Ser Asn Asp Leu 
75 80 

Val Leu Ala Phe Ser Lys Ser Cys 
90 95 

Glu Thr Leu Asp Ser Leu Gly Gly 
105 110 

Thr Glu Val Val Ala Leu Ser Arg 
125 

Leu Trp Gin Leu Asp Leu Ser Pro 
140 



<210> 20 

<211> 180 

<212> PRT 

<213> Artificial Sequence 

<220> 

<223> LIF: 41st, 52nd, 67th, 70th, 156th or 180th Phe is replaced by 
Val. 



<400> 20 

Ser Pro Leu Pro He Thr Pro Val 
1 5 

Pro Cys His Asn Asn Leu Met Asn 
20 

Leu Asn Gly Ser Ala Asn Ala Leu 

35 40 



Asn Ala Thr Cys Ala lie Arg His 

10 15 

Gin He Arg Ser Gin Leu Ala Gin 
25 30 

Phe He Leu Tyr Tyr Thr Ala Gin 
45 
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Gly Glu Pro Phe Pro Asn Asn Leu Asp Lys Leu Cys Gly Pro Asn Val 
50 55 60 

Thr Asp Phe Pro Pro Phe His Ala Asn Gly Thr Glu Lys Ala Lys Leu 
65 70 75 80 

Val Glu Leu Tyr Arg He Val Val Tyr Leu Gly Thr Ser Leu Gly Asn 
85 90 95 

He Thr Arg Asp Gin Lys He Leu Asn Pro Ser Ala Leu Ser Leu His 
100 105 110 

Ser Lys Leu Asn Ala Thr Ala Asp He Leu Arg Gly Leu Leu Ser Asn 
115 120 125 

Val Leu Cys Arg Leu Cys Ser Lys Tyr His Val Gly His Val Asp Val 
130 135 140 

Thr Tyr Gly Pro Asp Thr Ser Gly Lys Asp Val Phe Gin Lys Lys Lys 
145 150 - 155 160 

Leu Gly Cys Gin Leu Leu Gly Lys Tyr Lys Gin He He Ala Val Leu 
165 170 175 

Ala Gin Ala Phe 
180 



<210> 21 

<211> 522 

<212> PRT 

<213> Artificial Sequence 



<220> 
<223> 



M-CSF: 35th, 37th, 54th, 67th, 91st, 106th, 121st, 135th, 143rd, 
229th, 255th, 311st, 439th, 466th or 485th Phe is replaced by 
Val. 



<400> 21 
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Glu GXu Val Ser Glu Tyr Cys Ser His Met lie Gly Ser Gly His Leu 
15 10 15 

Gin Ser Leu Gin Arg Leu lie Asp Ser Gin Met Glu Thr Ser Cys Gin 
20 25 30 

lie Thr Phe Glu Phe Val Asp Gin Glu Gin Leu Lys Asp Pro Val Cys 
35 40 45 

Tyr Leu Lys Lys Ala Phe Leu Leu Val Gin Asp lie Met Glu Asp Thr 
50 55 60 

Met Arg Phe Arg Asp Asn Thr Pro Asn Ala lie Ala lie Val Gin Leu 
65 70 75 80 

Gin Glu Leu Ser Leu Arg Leu Lys Ser Cys Phe Thr Lys Asp Tyr Glu 
85 90 95 

Glu His Asp Lys Ala Cys Val Arg Thr Phe Tyr Glu Thr Pro Leu Gin 
100 105 110 

Leu Leu Glu Lys Val Lys Asn Val Phe Asn Glu Thr Lys Asn Leu Leu 
115 120 125 

Asp Lys Asp Trp Asn lie Phe Ser Lys Asn Cys Asn Asn Ser Phe Ala 
130 135 140 

Glu Cys Ser Ser Gin Asp Val Val Thr Lys Pro Asp Cys Asn Cys Leu 
145 150 155 160 

Tyr Pro Lys Ala lie Pro Ser Ser Asp Pro Ala Ser Val Ser Pro His 
165 170 175 

Gin Pro Leu Ala Pro Ser Met Ala Pro Val Ala Gly Leu Thr Trp Glu 
180 185 190 

Asp Ser Glu Gly Thr Glu Gly Ser Ser Leu Leu Pro Gly Glu Gin Pro 
195 200 205 

Leu His Thr Val Asp Pro Gly Ser Ala Lys Gin Arg Pro Pro Arg Ser 
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210 215 220 

Thr Cys Gin Ser Phe Glu Pro Pro Glu Thr Pro Val Val Lys Asp Ser 
225 230 235 240 

Thr He Gly Gly Ser Pro Gin Pro Arg Pro Ser Val Gly Ala Phe Asn 
245 250 255 

Pro Gly Met Glu Asp He Leu Asp Ser Ala Met Gly Thr Asn Trp Val 
260 265 270 

Pro Glu Glu Ala Ser Gly Glu Ala Ser Glu He Pro Val Pro Gin Gly 
275 280 285 

Thr Glu Leu Ser Pro Ser Arg Pro Gly Gly Gly Ser Met Gin Thr Glu 
290 295 300 

Pro Ala Arg Pro Ser Asn Phe Leu Ser Ala Ser Ser Pro Leu Pro Ala 
305 310 315 320 

Ser Ala Lys Gly Gin Gin Pro Ala Asp Val Thr Gly Thr Ala Leu Pro 
325 330 335 

Arg Val Gly Pro Val Arg Pro Thr Gly Gin Asp Trp Asn His Thr Pro 
340 345 350 

Gin Lys Thr Asp His Pro Ser Ala Leu Leu Arg Asp Pro Pro. Glu Pro 
355 360 365 

Gly Ser Pro Arg He Ser Ser Leu Arg Pro Gin Gly Leu Ser Asn Pro 
370 375 380 

Ser Thr Leu Ser Ala Gin Pro Gin Leu Ser Arg Ser His Ser Ser Gly 
385 390 395 400 

Ser Val Leu Pro Leu Gly Glu Leu Glu Gly Arg Arg Ser Thr Arg Asp 
405 410 415 

Arg Arg Ser Pro Ala Glu Pro Glu Gly Gly Pro Ala Ser Glu Gly Ala 
420 425 430 
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Ala Arg Pro Leu Pro Arg Phe Asn Ser Val Pro Leu Thr Asp Thr Gly 
435 440 445 

His Glu Arg Gin Ser Glu Gly Ser Ser Ser Pro Gin Leu Gin Glu Ser 
450 455 460 

Val Phe His Leu Leu Val Pro Ser Val lie Leu Val Leu Leu Ala Val 
465 470 475 480 

Gly Gly Leu Leu Phe Tyr Arg Trp Arg Arg Arg Ser His Gin Glu Pro 
485 490 495 

Gin Arg Ala Asp Ser Pro Leu Glu Gin Pro Glu Gly Ser Pro Leu Thr 
500 505 510 



Gin Asp Asp Arg Gin Val Glu Leu Pro Val 
515 520 



<210> 22 

<211> 227 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> GSM: 56th, 70th, 160th, 169th, 176th or 184th Phe is replaced by 
Val. 



<400> 22 
Ala Ala He Gly 
1 

Leu Gin Lys Gin 
20 

Pro Tyr He Arg 
35 



Ser Cys Ser Lys 
5 

Thr Asp Leu Met 



He Gin Gly Leu 
40 



Glu Tyr Arg Val 
10 

Gin Asp Thr Ser 
25 

Asp Val Pro Lys 



Leu Leu Gly Gin 
15 

Arg Leu Leu Asp 
30 

Leu Arg Glu His 
45 
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Cys Arg Glu Arg Pro Gly Ala Phe Pro Ser Glu Glu Thr Leu Arg Gly 
50 55 60 

Leu Gly Arg Arg Gly Phe Leu Gin Thr Leu Asn Ala Thr Leu Gly Cys 
65 70 75 80 

Val Leu His Arg Leu Ala Asp Leu Glu Gin Arg Leu Pro Lys Ala Gin 
85 90 95 

Asp Leu Glu Arg Ser Gly Leu Asn lie Glu Asp Leu Glu Lys Leu Gin 
100 105 110 

Met Ala Arg Pro Asn lie Leu Gly Leu Arg Asn Asn He Tyr Cys Met 
115 120 125 

Ala Gin Leu Leu Asp Asn Ser Asp Thr Ala Glu Pro Thr Lys Ala Gly 
130 135 140 

Arg Gly Ala Ser Gin Pro Pro Thr Pro Thr Pro Ala Ser Asp Ala Phe 
145 150 155 160 

Gin Arg Lys Leu Glu Gly Cys Arg Phe Leu His Gly Tyr His Arg Phe 
165 170 175 

Met His Ser Val Gly Arg Val Phe Ser Lys Trp Gly Glu Ser Pro Asn 
180 185 190 

Arg Ser Arg Arg His Ser Pro His Gin Ala Leu Arg Lys Gly Val Arg 
195 200 205 

Arg Thr Arg Pro Ser Arg Lys Gly Lys Arg Leu Met Thr Arg Gly Gin 
210 215 220 

Leu Pro Arg 
225 



<210> 23 
<211> 191 
<212> PRT 
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<213> Artificial Sequence 
<220> 

<223> PL: 10th, 31st, 44th, 52nd, 54th, 92nd, 97th, 146th, 166th, 176th 
or 191st Phe is replaced by Val. 



<400> 23 

Val Gin Thr Val Pro Leu Ser Arg Leu Phe Asp His Ala Met Leu Gin 
15 10 15 

Ala His Arg Ala His Gin Leu Ala lie Asp Thr Tyr Gin Glu Phe Glu 
20 25 30 

Glu Thr Tyr lie Pro Lys Asp Gin Lys Tyr Ser Phe Leu His Asp Ser 
35 40 45 

Gin Thr Ser Phe Cys Phe Ser Asp Ser He Pro Thr Pro Ser Asn Met 
50 55 60 

Glu Glu Thr Gin Gin Lys Ser Asn Leu Glu Leu Leu Arg He Ser Leu 
65 70 75 80 

Leu Leu He Glu Ser Trp Leu Glu Pro Val Arg Phe Leu Arg Ser Met 
85 90 95 

Phe Ala Asn Asn Leu Val Tyr Asp Thr Ser Asp Ser Asp Asp Tyr His 
100 105 110 

Leu Leu Lys Asp Leu Glu Glu Gly He Gin Thr Leu Met Gly Arg Leu 
115 120 125 

Glu Asp Gly Ser Arg Arg Thr Gly Gin He Leu Lys Gin Thr Tyr Ser 
130 135 140 

Lys Phe Asp Thr Asn Ser His Asn His Asp Ala Leu Leu Lys Asn Tyr 
145 150 155 160 

Gly Leu Leu Tyr Cys Phe Arg Lys Asp Met Asp Lys Val Glu Thr Phe 
165 170 175 
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Leu Arg Met Val Gin Cys Arg Ser Val Glu Gly Ser Cys Gly Phe 
180 185 190 



<210> 24 

<211> 248 

<212> PRT 

<213> Artificial Sequence 



<220> 

<223> SCF: 63rd, 102nd, 110th, 115th, 116th, 119th, 126th, 129th, 
158th, 199th, 205th, 207th or 245th Phe is replaced by Val. 



<400> 24 

Glu Gly He Cys Arg Asn Arg Val Thr Asn Asn Val Lys Asp Val Thr 
15 10 15 

Lys Leu Val Ala Asn Leu Pro Lys Asp Tyr Met He Thr Leu Lys Tyr 
20 25 30 

Val Pro Gly Met Asp Val Leu Pro Ser His Cys Trp He Ser Glu Met 
35 40 45 

Val Val Gin Leu Ser Asp Ser Leu Thr Asp Leu Leu Asp Lys Phe Ser 
50 55 60 

Asn He Ser Glu Gly Leu Ser Asn Tyr Ser He He Asp Lys Leu Val 
65 70 75 80 

Asn He Val Asp Asp Leu Val Glu Cys Val Lys Glu Asn Ser Ser Lys 
85 90 95 

Asp Leu Lys Lys Ser Phe Lys Ser Pro Glu Pro Arg Leu Phe Thr Pro 
100 105 110 

Glu Glu Phe Phe Arg He Phe Asn Arg Ser He Asp Ala Phe Lys Asp 
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115 120 125 

Phe Val val Ala Ser Glu Thr Ser Asp Cys Val Val Ser Ser Thr Leu 
130 135 140 

Ser Pro Glu Lys Asp Ser Arg Val Ser Val Thr Lys Pro Phe Met Leu 
145 150 155 160 

Pro Pro Val Ala Ala Ser Ser Leu Arg Asn Asp Ser Ser Ser Ser Asn 
165 170 175 

Arg Lys Ala Lys Asn Pro Pro Gly Asp Ser Ser Leu His Trp Ala Ala 
180 185 190 

Met Ala Leu Pro Ala Leu Phe Ser Leu lie lie Gly Phe Ala Phe Gly 
195 200 205 

Ala Leu Tyr Trp Lys Lys Arg Gin Pro Ser Leu Thr Arg Ala Val Glu 
210 215 220 

Asn lie Gin lie Asn Glu Glu Asp Asn Glu lie Ser Met Leu Gin Glu 
225 230 235 240 

Lys Glu Arg Glu Phe Gin Glu Val 
245 



<210> 25 

<211> 332 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> TPO: 46th, 128th, 131st, 141st, 186th, 204th, 240th or 286th Phe 
is replaced by Val. 



<400> 25 

Ser Pro Ala Pro Pro Ala Cys Asp Leu Arg Val Leu Ser Lys Leu Leu 
15 10 15 
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Arg Asp Ser His Val Leu His Ser Arg Leu Ser Gin Cys Pro Glu Val 
20 25 30 

His Pro Leu Pro Thr Pro Val Leu Leu Pro Ala Val Asp Phe Ser Leu 
35 40 45 

Gly Glu Trp Lys Thr Gin Met Glu Glu Thr Lys Ala Gin Asp He Leu 
50 55 60 

Gly Ala Val Thr Leu Leu Leu Glu Gly Val Met Ala Ala Arg Gly Gin 
65 70 75 80 

Leu Gly Pro Thr Cys Leu Ser Ser Leu Leu Gly Gin Leu Ser Gly Gin 
85 90 95 

Val Arg Leu Leu Leu Gly Ala Leu Gin Ser Leu Leu Gly Thr Gin Leu 
100 -105 110 

Pro Pro Gin Gly Arg Thr Thr Ala His Lys Asp Pro Asn Ala He Phe 
115 120 125 

Leu Ser Phe Gin His Leu Leu Arg Gly Lys Val Arg Phe Leu Met Leu 
130 135 140 

Val Gly Gly Ser Thr Leu Cys Val Arg Arg Ala Pro Pro Thr Thr Ala 
145 150 155 160 

Val Pro Ser Arg Thr Ser Leu Val Leu Thr Leu Asn Glu Leu Pro Asn 
165 170 175 

Arg Thr Ser Gly Leu Leu Glu Thr Asn Phe Thr Ala Ser Ala Arg Thr 
180 185 190 

Thr Gly Ser Gly Leu Leu Lys Trp Gin Gin Gly Phe Arg Ala Lys lie 
195 200 205 

Pro Gly Leu Leu Asn Gin Thr Ser Arg Ser Leu Asp Gin He Pro Gly 
210 215 220 
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Tyr Leu Asn Arg He His Glu Leu Leu Asn Gly Thr Arg Gly Leu Phe 
225 230 235 240 

Pro Gly Pro Ser Arg Arg Thr Leu Gly Ala Pro Asp He Ser Ser Gly 
245 250 255 

Thr Ser Asp Thr Gly Ser Leu Pro Pro Asn Leu Gin Pro Gly Tyr Ser 
260 265 270 

Pro Ser Pro Thr His Pro Pro Thr Gly Gin Tyr Thr Leu Phe Pro Leu 
275 280 285 

Pro Pro Thr Leu Pro Thr Pro Val Val Gin Leu His Pro Leu Leu Pro 
290 295 300 

Asp Pro Ser Ala Pro Thr Pro Thr Pro Thr Ser Pro Leu Leu Asn Thr 
305 310 315 320 

Ser Tyr Thr His Ser Gin Asn Leu Ser Gin Glu Gly 
325 330 

<210> 26 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 1 
<400> 26 

cggaattccg atggagctga ctgaattg 28 

<210> 27 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> primer 2 



<400> 27 

tttagcggcc gcattcttac ccttcctgag 30 



<210> 28 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 4 



<400> 28 

ccaagctaac gtccacagca g 21 



<210> 29 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 6 



<400> 29 

gctcaggacg atggcat 17 



<210> 30 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> primer 8 



<400> 30 

ggtgttggac gctcaggaag atg 23 



<210> 31 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 10 



<400> 31 

catcaggaca cgcacctttc c 21 



<210> 32 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 11 



<400> 32 

ggcgcggaga tgggggt 17 



<210> 33 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 12 
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<400> 



33 



tggtcatctg tcccctgtcc tg 



22 



<210> 34 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 14 

<400> 34 

gacattaact ttggtgtctg ggac 24 

<210> 35 

<211> 21 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> primer 15 

<400> 35 

ctgtccgcaa actcttccga g 21 

<210> 36 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 17 
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<400> 36 

cgcaaactcg tccgagtcta ct 22 

<210> 37 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 19 

<400> 37 

gagtctactc caatgtggtg gg 22 

<210> 38 

<211> 31 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 21 

<400> 38 

ccccgggacc atggctggac ctgccaccca g 31 

<210> 39 

<211> 27 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 22 
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<400> 39 

cgaattcgct cagggctggg caaggag 27 

<210> 40 

<211> 18 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 24 

<400> 40 

acttgagcag gacgctct 18 

<210> 41 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 25 

<400> 41 

agcggccttg tcctcta 17 

<210> 42 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 27 

<400> 42 
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gacgttgcca ccaccat 



17 



<210> 43 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 29 

<400> 43 

gccgtcgcct ctgcttt 17 

<210> 44 

<211> 18 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> primer 31 

<400> 44 

tcgccttctg ctgtccag 18 

<210> 45 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 33 

<400> 45 

tctgcaagac gtcctgg 17 
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<210> 46 

<211> 64 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 35 

<400> 46 

cttttggcct gctctgcctg tcctggcttc aagagggcag tgccttccca accattccct 60 
tatc 64 

<210> 47 

<211> 60 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 37 

<400> 47 

ggaattcatg gctgcaggct cccggacgtc cctgctcctg gcttttggcc tgctctgcct 60 



<210> 48 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 40 



60 
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<400> 48 

ggggttctgc aggactgaat acttc 25 



<210> 49 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 42 



<400> 49 

ggctgttggc gacgatcctg 20 



<210> 50 

<211> 26 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 44 



<400> 50 

gtaggtctgc ttgacgatct gcccag 2 6 



<210> 51 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 4 6 
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<400> 



51 



gagtttgtgt cgaccttgct gtag 



24 



<210> 



52 



<211> 



24 



<212> 



DNA 



<213> 



Artificial Sequence 



<220> 



<223> 



primer 48 



<400> 



52 



gtccttcctg acgcagtaga gcag 



24 



<210> 53 

<211> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 50 

<400> 53 

cgatgcgcag gactgtctcg accttgtc 28 

<210> 54 

<211> 26 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 51 

<400> 54 



- 41 - 



wo 2005/010043' 




PCT/KR2004/001246 



Sequence Listing 



cggaattcat ggaccacctc ggggcg 



26 



<210> 55 

<211> 32 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 52 

<400> 55 

gctctagact aagagcaagc cacatagctg gg 32 

<210> 56 

<211> 33 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 53 

<400> 56 

cccaagctta tggagctgac tgaattgctc etc 33 

<210> 57 

<211> 32 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 54 

<400> 57 

ggaattctta cccttcctga gacagattct gg 32 
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<210> 58 

<211> 34 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 55 

<400> 58 

gctctagagc tcatttaccc ggagacaggg agag 34 

<210> 59 

<211> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 56 

<400> 59 

cccaagctta tggctggacc tgccaccc 28 

<210> 60 

<211> 29 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 57 

<400> 60 

ggaattcgca acagagccag gcagttcca 29 
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<210> 61 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 58 

<400> 61 

cggaattcat ggatctctgg cagctg 

<210> 62 

<2H> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 59 

<400> 62 

ggactagttt ggctcatctg aggaagtg 

<210> 63 

<211> 35 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 60 

<400> 63 

ggaattcgca gagcccaaat cttgtgacaa aactc 
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<210> 



64 



<211> 



27 



<212> 



DNA 



<213> 



Artificial Sequence 



<220> 



<223> 



primer 61 



<400> 



64 



gactagtgca gagcccaaat cttgtga 



27 



<210> 65 

<211> 34 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 62 

<400> 65 

gctctagagc tcatttaccc ggagacaggg agag 34 
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